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SECTION XXI 
D. C. GENERATORS AND MOTORS 


Ring Armature Winding.—The simplest type of armature winding 
is that used with ring cores, ¢ and is illustrated In i igsl I. As will be 
‘Seen, it As simply a continuous: winding 5 all the way around the circle, 


eS ain 


a Me pee nce ne SEEN 
“and 6, and a current 1s passed through, 1t will divide into two ‘halves, 
one oat flowing” “through | the. wire “above a ‘ab, and the other part 


Figs. 1 and 2.—Ring armature windings. 


_through the wire below ab. In the upper half of the wire, the direc- 
tion, of the current in tl the e fron sides of the turns will be toward 


Srna eee 


e center of the ring, as is indidated by the arrow heads, and in the 

“lower half it will be away Trom the conter. If; instead of Pattechine 

“wires ‘at a and b we place stationary springs, so as to press against the 
wire, then we could revolve the ring, and” still the current would 


énter and leave the wire at the é same ‘points. “Small armatures are” 


often made in this NS ay but for regular machines it is more desirable 
caer 
“to provide a comiftutato or, as shown by at C, then the’Segments 


¢an_be connected with the wire at te ere _As shown the 


“commutator is is] provided v with twelve re segments, and these connect with 


mt ae RTE 


142s 
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the armature wire at every fourth turn, SO_ that the wire is divided 


“into twelve coils of four tirhs cach. — 


e only di flerence e between this and a regular generator armature, 
of the ring ‘type, is that it shows the wire coils spread out with te 


“considerable space between t them, and only in one layer, while in the... 
“actual machine, “the wire is wound close together and generally, i in 
“several | layers. in slots in the core; but no matter how many layers a 
“there may be, or how many turns in a coil, the principle of winding.) 
_is the same, 

“Drum Armature Winding.—We have shown the ring winding first, 
because it is so simple that it can be easily understood. The drum 
winding, which is used to a much greater extent, is the same in 
principle as the ring, but owing to the fact that the coils cross each 
other at the ends, it appears to be decidedly different. By the aid of 
Figs. 3 to 6, the drum winding can be made perfectly clear. 


Fig. 3.—Ring armature core. Fig. 4.—Drum armature core. 


Ring and Drum Armature Coils.—Figure 3 shows a ring armature 
core; and Fig. 4 shows a drum core, each with a single coil wound 
upon it. In the ring, only one side of the coil appears upon the outer 
surface of the armature, but in the drum, as there is no open space 
for the coil to thread through, both sides of the coil must be placed 
upon. the outer surface. The side B of the coil may be called the 
live side, as it is the one from which the ends project, and the lower 
side c, may be called the dead side. Since only the live side of the 
coil has ends to be connected, it can be readily seen that if in the drum 
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winding we leave spaces between the live sides for the dead sides, 
and then connect the ends of the live sides by jumping over the dead 
side between them, that we will have the same order of connection 
as in the ring winding. 

The dead side of each coil adjoins the live side of a coil that is, in 
reality, half a circumference away from it; thus, in Fig. 5, the live 
side of coil a is at the top and the dead side is at the bottom; while the 
live side of coil n is at the bottom and the dead side is at the top. The 
live sides of these two coils are on opposite sides of the armature, so 


wnt 


Frias. 5 and 6.—Windings of drum armatures. 


that the coil side to the right of a is the dead side of a coil whose 
live side is on the other side of the armature. 

In Fig. 6 the coils a and b are adjoining ones, for the coil side between 
them is the dead side of coilm. To connect the armature, therefore, 
we join end 2 of coil a with end 1 of coil b, and end 2 of coil b would 
jump over a dead side and connect with end 1 of coil c. Coil c, 
however, would appear to be two coils ahead of b, just as b appears to 
be two coils ahead of a. 

In winding drum armatures, the coils are generally placed in pairs, 
as shown in Fig. 5 and also in Fig. 6. The object of this is simply 
to make the ends of the armature look more even. A drum arma- 
ture can be wound with a continuous wire, by simply making a loop 
to take the place of the ends 1 and 2, and then skipping a space, as 
shown by coils a and b in Fig. 6. 
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After the armature is half covered, there will be spaces left between 

coils, the spaces being the width of a coil; then proceed to fill the 

. vacant spaces, and when they are all filled, the last coil put in will be 
in position to connect with the first one wound. A little practice with 
a piece of twine and a wooden cylinder, will enable any one to find 
out in short order how to wind drum armatures. 

The two types of winding just explained, are those used with two- 
pole machines, motors as well as generators. It may be added that 
there is no difference, electrically, between a motor and a generator, 
and any machine can be used for either service. Motors, however, 
are somewhat modified in design so as to make them more suited to 
the work they have to perform. The modification consists mainly in 
protecting the parts liable to be injured by objects falling upon them. 

The general arrangement of the field and armature in a two-pole 
machine is shown in Fig. 31, Sec. XX. The design can be changed 
in a vast number of ways, but it will always be two-pole, or bipolar, 
as it is called, if only two poles are presented to the armature. 

Series and Shunt Connections.—Generators and motors may be so 
arranged that the field magnetization current rent may b be either the whole 
Ora portion of current which Hows in the circ circuit. When the whole ~ 
current passes through the field magnetizing coils the-tmerchinie is ~ 

Said to be of the seriés type; “this name being given because ‘the 2 
“armature wife and the “field coils aré connected in series, "80 > that, 
~“Girrent first passes ‘through one and then hen the « other. - 

coils are traversed by. ‘only a portion ¢ of the current, the_, 
sdachine is said to Geol Ths shunt type, owing t to. o the fact that the _ is 
“ffeld is supplied wi th current rent shunte df from the m main n circuit. ‘Genera- 

“torsand motors ar are also arranged so that there are two sets of field 

coils “and one is traversed by the whole current, and the other bya a - 

“portion thereof. ~~ 
~The best way to understand different types of connection is by 

ee connection, A 
Nene HS seat, Othe commutator, and M the field coil. The 

direction of the current is indicated by the arrow heads. Figure 8 is 
the shunt connection, and the arrow heads show the direction of the 
currents in the case of a generator. As will be seen, at d the field 
current branches off from the main line and returns to it at a, after 
having passed through the field coil. Figure 9 shows the type in which 
the field is magnetized by two sets of coils, one being in series with 


*% 
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the main circuit and the other is shunt. As will be noticed, all the 
armature current passing out through wire d, goes through coil F, 


m P 
d 
a \J 
(oe 
b 
Fie. 7.—Series connection. Fig. 8.—Shunt connection. 
Fria. 9.—Short shunt. Fria. 10.—Long shunt. 


except the portion that is shunted at c, into the shunt coil M. This 
type of winding is called compound, being a combination of the series 
and shunt. When the shunt coil is connected as in Fig. 9, it is called 
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a short shunt, and when as in Fig. 10, it isalongshunt. In the first 
case, the coil M shunts the armature only; in the second, it shunts the 
coil F also. 

Shunt and Compound Windings for Motors.—Figures 11 and 12 
show shunt and compound windings for motors and the only difference 
between them and the generator winding, is that the direction of 


current in the shunt coils is not the same. This differencein direction * 


is due to the fact that in a generator the armature generates current 
that passes through coil M; hence, at point d, the current flows up 


fn ‘ P 
P 
St o/ 
a a 
b awe? a 
le 
M M 


Fie. 11.—Shunt-wound motor. Fic. 12.—Compound-wound motor. 


to the main line and down to the field coil. In the motor, the current 
comes from an external source through main n, and passes from a to 
the armature, and also to the field coil, thus traversing the latter in 
the opposite direction. In the series coil F, the direction of the cur- 
rent is the same in both machines. 

Generators are made so as to keep the strength of the current 
constant, and allow the voltage to vary as the demands of the 
serviée may require; or they may be wound so as to keep the voltage 
constant “and allow the current strength to vary. Machines of the 
first class are called constant current, and are used principally for are 
lighting. Machines of the second class are called constant potential 
and are the kind used for incandescent lighting, for electric railways 
and for the operation of motors of every description. For constant 
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current generators the series winding is used in connection with some 
kind of regulating device that prevents the current strength from 
varying more than the small fraction of an ampere. The shunt 
and compound windings are used for constant potential generators. 
If the armature wire had no resistance, the shunt winding would 
enable a generator to maintain a constant voltage at its terminals, 
no matter how much the strength of the current might vary; but 
armatures without resistance cannot be made; therefore, a shunt- 
wound machine will develop a slightly lower voltage with full current 
than with a weak one, but the difference will not be more than 3 
to 5 per cent. By the aid of the compound winding, the generator 
can be made so as to develop the same voltage with lght or full load, 
and if desired, the voltage can be made to increase as the current 
increases. If a compound generator is so proportioned that the 
voltage is the same for weak and strong currents, it is said to be 
evenly-compounded, and if the voltage increases as the current 
increases, it is said to be over-compounded. If the voltage is 5 per 
cent higher, with full load than with no load, the generator is said to 
be over-compounded 5 per cent, and if the increase is 10 per cent, 
it is said to be over-compounded 10 per cent. 

Compound Generator Action.—The way in: which a compound 
generator increases the voltage can be readily understood from an 
examination of Fig. 9. The current that passes through the shunt 
coil M, is practically one of the same strength at all times; therefore, 
the magnetizing effect of this coil does not change. Through coil F 
the whole current passes, hence, the magnetizing effect of this coil 
increases as the current strength increases. Now the total field 
magnetism is that due to the combined action of the two coils, so 
that as the action of F increases, the strength of the field increases. 

If F has only a few turns of wire, it will only help slightly to magnet- 
ize the field; therefore, its increased effect, due to increase in current, 
will not be very noticeable; but if F has many turns, it will develop a 
large proportion of the field magnetism, and, under this condition, the 
change in current strength will make a decided change in the strength 
of the field, and thus in the voltage, for the voltage is directly pro- 
portional to the strength of the field. 

In motors, the coil 7 can be connected so as to act with coil M, or 
against it. . If both coils act together, the motor is compound-wound; 
and if F acts against M, the motor is differentially-wound. <A 
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- compound-wound motor will slow down more with a heavy load 
than a simple shunt machine, but it will carry the load with a smaller 
current, and, on this account, this winding is commonly used for 
elevator motors. 

A differential motor will hold up the speed better with a heavy 
load than a simple shunt machine, but it will take a larger current 
to do the work. The differential winding is not used to any great 
extent, except in cases where it is desired to obtain as uniform a 
velocity as possible. 

Principles of armature winding as explained above show that the. 
commutator brushes must make contact. with the commutator ot on, 

—the sides, thati 18, in Fig. Toh they would be placed ¢ on. the diameter nn, 


snc beak nas 


I 


Fig. 13. Fig. 14. Fie. 15. 
Correct position of brushes. 


In actual machines, they are either ahead of this line, as in Fig. 14, 
or back of it, as. sin Fig, 15. “The first position is that of the ‘generator 


“tnd the seeond that of the mioton—This is not true for an interpole 
machine which will be explained in another paragraph. In machines 
without interpoles, the reason why the brushes have to be set ahead 
of line nn in a generator, and back of the line in a motor, is that the 
armature current develops magnetization of its own, and this reacts 
upon the magnetism of the field so as to twist the lines of force out 
of their true path. sha 

If we look at Fig. 1, we see that the direction of the current through 
the wires is such that the magnetizing effect produced upon the 
armature core is the same as it would be if the wire were wound in the 
way indicated by the vertical lines in Fig. 13. Now this current will 
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develop a magnetization in the direction of line nn; that is, at right 
angles to the field magnetism. These two magnetic forces of the 
armature and the field, engage in a tug of war, and the result is that 
the actual magnetization that acts upon the armature wire is the . 
combined effect of the two. If the strength of the field magnetism 
is proportional to line ca, and the strength of the armature magnetiza- 
tion is proportional to line cb, then the actual magnetization will be 
equal to line cd, and in the direction dd. In Fig. 14, which represents 
a generator, if the current in the field coils passes over the front side 
in the direction of arrow 7, and the armature revolves in the direction 


Motor Generator 


Fic. 16.—Interpole generator or motor. 


of arrow d, then the armature current will be in the direction of 
arrow f and the armature magnetization will be in the direction of 
arrowh. The field magnetization will be from N to S, therefore, the 
resulting magnetization will be in the direction of line aa. Now 
the proper position for the brushes is on a line at right angles to the 
direction of the field, hence, they must rest upon line cc. If the 
machine is a motor, the only change effected will be that the direction 
of the armature current will be reversed, so that arrow f will point 
downward instead of upward, and the magnetism of the armature 
will be directed to the right as shown by arrow c. Under these 
conditions, the actual direction of the field magnetism will be that 
of line 6b, and the brushes must be set at right angles to this upon 
line ee in Fig. 15. 
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Interpole Machines.—In machines: which have “‘interpoles” the 
brushes do not have to be shifted from the ‘‘neutral” position on the 
line nn in Fig. 13. The interpole or ‘‘commutating pole” is a small 
pole which is added between the main poles as in Fig. 16. The 
interpole is in series with the armature (and the series field if there is 
one). The interpole is wound so that its magnetism opposes the 
magnetism developed in the armature. In this way the total result- _ 


Fie. 17.—Four-pole generator. 


ing magnetism is kept in the direction of the magnetism of the field 
poles. The resulting magnetism is not inclined at an angle as shown 
in Figs. 14 and 15. For a motor the north pole of the main field 
must be followed by the north interpole as shown in Fig. 16. For a 
generator the north pole of the main field must be followed by the 
south interpole. 

Motor Ratings.—Motors are now commonly made in what are 
called 40-deg. and 50-deg. ratings. This means that operating con- 
tinuously at full load the motors reach respectively 40 deg. and 50 
deg. Cent. above room temperature, Some motors are so 
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designed that they will operate for certain periods of time at certain 
overloads. Where theré may be short periods when the motor will 
operate at overload; such a motor should be used. Most of the 
motors made in this country until recently were rated at 40 deg. 
Cent. rise on continuous load and were designed to run at 125 per 
cent of full load for 2 hr. without damage. The 50-deg. motors are 
smaller. for the same full load rating and cost less than the 40-deg. 
motors but do not usually have the overload guarantee. There are 
_ other types of motors made for special purposes which have ratings 

as high as 75 deg. Also there are specially constructed motors 
which will stand very heavy overloads for a short time. 

Multipolar Generators.—About the only difference between bipolar 
and multipolar generators is that the former has two poles and the 
~ latter has two or more pairs of poles. In consequence, the winding 
has to be slightly modified as will be explained. Figure 17 shows a 
four-pole machine and N and S poles alternate around the circle. 
This arrangement is followed, no matter what the number of poles 
may be. 

Advantage of multipolar construction is that it increases the 
capacity of the machine for a given size and weight. Figures 18 


Fie. 18. Fie. 19. Hicee20: 
Effect of increasing number of poles. 


to 20 illustrate the gain effected in weight. The first figure shows a 
two-pole machine, the second a four-pole and the third an eght- 
pole, the three being of the same capacity. The poles of the second 
machine are half as wide as those of the first, as there are twice as 
many. ‘The other parts are reduced in like proportion. 

In Fig. 20, the poles are one-quarter as wide as in Fig. 18, as there 
are four times as many. On account of the reduction in the width 
of the poles, the armatures can be increased in diameter as the 
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number of poles is increased, without increasing the outside dimen- 
sions of the machine, so that in reality, Fig. 19 is somewhat more 
powerful than Fig. 18, and Fig. 20 is still more powerful. 


Gy 


Fies. 21 and 22.—Four-pole brush connections. 


The fields of multipolar machines are wound the same as those of 
the bipolar; that is, as series, shunt or compound. Figures 21 to 23 
show the three types of winding for a four-pole generator and Fig. 


Frias. 23 and 24.—Multipolar brush connections. 


24 is a diagram of compound winding for an eight-pole generator. 

The number of commutator brushes used is equal to the number of 

poles, although, with one type of armature winding, two brushes are 

sufficient, no matter how many poles the machines may have. 
48 
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In practice, however, even with this winding, the number of brushes 
is generally made equal to the number of poles. 

With a four-pole machine the brushes can be connected in a 
simple manner, as shown in Figs. 21 to 23, but with a greater number 
of poles, two rings are generally provided, to which the brushes are 
connected in the manner shown in Fig. 24. 

Looking at Fig. 17, it can be seen that if the current flows up from 
the paper, under the N poles, it will flow down through the paper, 
under the S poles; hence, the armature coils in a four-pole machine 
must span only one-quarter of the circumference, and not one-half, 
as in the two-pole armature. For a six-pole armature, the coils 
must span one-sixth of the circumference, and for an eight-pole, 
one-eighth, and so on, for any higher number of poles. 

Multipolar Armature Winding.—There are two types of windings 
for multipolar armatures, one being known as ‘“‘lap” or parallel 
winding, the other, the ‘‘ wave” or series winding. 

Lap Winding.—Figure 25 is a diagrammatical representation of a 
lap winding, and Fig. 26 of a wave winding, both for four poles. 
The small circles around the outside of the armature represent bars 
or wires, which are connected with the commutator segments by 
means of the solid lines, and with each other at the opposite side of 
the armature, by means of the broken lines. 

If we start in Fig. 25 from coil side, or bar 1 on the left, and follow 
the connections as guided by. the numbers, we will finally reach 32, 
and thus come back to left side brush a, which is the starting point. 
As will be seen, bar 1 connects at the back of armature, with bar 
2, and then over the front, the connection runs in the backward 
direction, to bar 3; thence, forward again, at the back end, to bar 4, 
and again backward over the front, to bar 5. The connections, 
therefore, lap over each other and it is on this account that it is 
called a lap winding. 

Wave winding is shown by Fig. 26; starting from bar 1 at the top, 
we pass around the right to bar 2, and then ahead to bar 3, and in like 
manner advance to bar 4, the connections in every case advancing in 
the same direction pronnd the circle. It will be noticed that the 
connections run zig-zag from side to side of the armature core 
as they advance, thus forming a wave-like path for the current, 
and it is on this account that this style of connection is called wave 
winding. 
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With the lap winding, the brushes aa are connected with each 
other, and so are the bb brushes. In the wave winding, two brushes 
set one-quarter of the circle from each other, will take the current 

off properly as indicated by c and f in Fig. 26, but four brushes 
can also be used. 


Fre. 25.—Diagram of lap winding. 


In Fig. 17, the brushes are shown midway between the poles, while 
in Figs. 25 and 26 they are opposite the poles. This difference in 
position is due to the fact that in the last two named figures, the con- 
nections between the armature coils and the commutator segments 
do not run in radial lines from either side, but one connection bends 
backward and the other forward. In actual machines, the connec- 
tions are run as in these diagrams, and in some cases, one of the 
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sides runs in a radial direction; therefore, in some generators, the 
brushes are opposite the poles, and in others they are between them. 

Figures 25 and 26 show coils of a single turn, but by regarding the 
broken lines as representing the position of the end of the coil at front 
as well as the back of the armature, and the solid lines as simply the 
ends of the wire that connect with the commutator segments, they 
become accurate representations of coils of any number of turns. 


Fre. 26.—Diagram of wave winding. 


Coils for multipolar armatures are made on forms, and in the 
finished state are placed upon the armature core. Some coils are so 
formed as to bend down over the ends of the armature, and are then 
given the form at the ends, shown in Fig. 27, so they may fit into each 
other. In some machines, the coils do not bend down over the ends 
of the armature, but run out parallel with the shaft. Armatures 
so wound are sometimes said to have a barrel winding, and the coils, 
if laid out upon a flat surface, would present the appearance of Fig. 
28; that is, if they contained more than one turn. If of the single- 
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turn type, they would look like Fig. 29, if for a lap winding; and like 
Fig. 30 if for a wave winding, the ends dd being joined and connected 
with the commutator segments. 


Glo Ce! 


Fias. 27 and 28.—Multipolar armature winding. 


Connecting multipolar field coils must be done in such manner that 
no mistakes are made, otherwise some coils will act to magnetize 
the field in a wrong direction. By studying Fig. 27, Sec. 20, and 


abc abc 


sy 


¥ras. 29 and 30.—Drum and barrel windings. 


the explanation of that engraving, direction of magnetic lines of 
force with respect to the direction of the current through the magneti- 
zing coils, can be clearly understood, and then there will be no diffi- 
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culty in determining the proper way in which to connect the coil ends, 
for all we have to do is to make the connections such that if one pole 
is N the one next to itis S. With two-pole machines, it is also neces- 
sary to be careful not to connect the field coils improperly; that is, 
if there is more than one coil, and in most machines this is the case. 

The current that energizes a magnet is called the magnetizing 
force and is measured in ampere turns. The ampere turns are 
obtained by multiplying the number of turns of wire in coil, by the 
amperes of current flowing through it. 

All forms of matter resist the development of magnetic force. 
This resistance is called magnetic reluctance. The reluctance of 
air is much greater than that of iron or steel, but is constant; that 
of iron and steel is not. If 1,000 amp. turns develop a certain 
magnetic density in a circuit composed wholly of air, 2,000 amp. 
turns will double this density. In iron and steel it will require 
much more than double the ampere turns to double the 
magnetic density. 

If in a magnetic circuit 10 in. long, 100 amp. turns develop 
a certain density, it will require 200 amp. turns to develop the same 
density if the magnetic circuit is double the length. 

Direct-current motors are made to run either at a constant velocity, 
or for variable speed. For the latter type of machine, the field coils 
are wound in series, and for constant speed the shunt winding is used. 
A motor of either kind cannot be started successfully without placing 
an external resistance in the armature circuit, because, when the 
armature is at a standstill, there is nothing but the resistance of the 
wire to hold the current back, and as a result, if no extra resistance is 
provided, the first rush of current would be very great. As soon 
as the armature begins to revolve, an e.m.f. is induced in its wires, 
and this acts in opposition to the e.m.f. of the line current; that is, 
it acts like a back pressure, and holds the current back. On this 
account, the e.m.f. of a motor is called a counter e.m.f., and it is 
abbreviated into c.e.m.f. 

External resistance in motor circuits may be connected as shown 
by Fig. 31, in which M is the motor and R the external resistance. 
Disa main switch, by means of which the motor is connected with the 
main line. This switch is closed first, and then switch F is moved to 
the right until it covers the first contact of the resistance R. The 
current can then pass directly to the field shunt coils through wire e 
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and thence by wire a, return to the mainline The armature current 
however, has first to pass through the resistance R, before it can reach 
wire 2, and thus the armature. As soon as the armature begins to 
speed up, the switch F is advanced, step by step, and in a few seconds 
it is moved to the extreme right position, in which all the resistance R 
is cut out of the armature circuit. When F reaches this position, the 
motor should be running at full speed. 

If the current should stop while the motor is running, the machine 
would stop, also, and then, if the current were turned on again, the 


Fig. 31.—External motor resistance. 


motor would be caught with the armature connected across the line 
without an external resistance, and as it would be at a standstill, the 
current would rise to an enormous strength. To prevent this, the 
switch F is always opened whenever the motor stops. The attendant 
may forget to do this, however; therefore automatic devices have been 
devised that will open the circuit whenever the current dies out. 
Such a device is called an under-voltage release or low-voltage release. 

A low-voltage release consists of an electromagnet connected across 
the line. This magnet holds to it an iron piece which is connected 
to the arm S in Fig. 32. When the line voltage becomes low the iron 
piece is released and the arm S is pulled back to the starting position 
by a spring. 

Motor-starters.—A simple switch provided with a resistance so 
as to be suited to start a motor, is called a motor-starter. 
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If the motor is very much overloaded, its speed will slow down and 
the current will increase in strength. If the overload is sufficient, 
the current will become so strong as to be able to burn out the arma- 
ture; hence, it is desirable to provide a circuit breaker that will open 
the circuit when the current becomes so strong as to be liable to burn 
out the machine. Some motor-starters are made with a circuit- 
breaking attachment called an overload trip. 

When motors were first introduced, a great deal of trouble was 
experienced with the starters, owing to the fact that they were 
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Fig. 32.—Principle of motor-starter. 


arranged so that when the motor was stopped, the connection with 
the field coils was broken. Now, the current flowing through the 
field coils objects to stop flowing when.the connection is broken, and, 
consequently, it continues to flow between the end of switch F in 
Fig. 32, and the last of the contacts of R, until the distance is more 
than the e.m.f. of the current can overcome. This action produces 
serious sparking at the last terminal, and in addition, produces a 
severe strain upon the insulation of the field coils, because, as the 
current is headed off in one direction, it tries to find an outlet in 
another. This action is what is commonly called the ‘“‘kick of the 
motor field.” All this trouble can be obviated by connecting the 
starter with the motor in such a way that the field circuit is never 
opened, as is shown in Fig. 31. 

As this is quite an important device it is presented in a more simple 
form in Fig. 32, in which the field coils and armature are permanently 
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connected, so that when switch S opens the circuit, the field current 
can flow through the armature, until it dies out. All first-class 
concerns make motor starters with this connection, at the present 
time. Some of them add the curved contact e. 

Without this contact, when the switch S is moved to the top 
position, resistance R is simply transferred from the armature to the 
field of circuit, and the current going to the field coils has to pass - 
through this resistance. As this resistance is insignificant in com- 
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Fig. 33.—Double-resistance motor-starter. 


parison with that of the shunt coils, it makes little difference whether 
it is left in the field circuit or not, but by the addition of e it can be 
cut out. 

Variable speed motors are always arranged so that the speed may 
be changed by hand as conditions may require. Trolley-car motors 
are of this type, and so are the motors used for printing presses, and 
many other kinds of work. Figures 33 to 35 show arrangements by 
means of which the speed may be varied with series wound motors. 
In Fig. 33 FH is the starting box and F is the speed regulator. In the 
act of starting, the switches are in the position shown. To start, 
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the switch 8 and £ is turned so as to close the circuit with the resis- 
tance R all included. S is moved toward the left as the armature 
speeds up, and reaches the last position when full speed is attained. 

If the switch of F is now closed, a portion of the current will be 
diverted from the armature, and thus its rotating force will be 
reduced, and thereby its speed. This method of speed control is 
also arranged so that the two switches act together, so as to introduce 
resistance into the motor circuit, and at the same time divert more 


Fie. 34.—Shunt motor regulator. 


or less current around the armature. It is not used extensively, as 
all the current that passes through F is thrown away. 

In Fig. 34, the speed is controlled by means of the switch F, 
which cuts out portions of the field coils and this changes the strength 
of the field. With this arrangement, if a portion of the field is cut out, 
the motor will run faster, because the c.e.m.f. will be reduced, there- 
fore, the armature current will be increased. To obtain a wide 
range of regulation, it is necessary to wind a large number of turns 
of wire on the field, so that with all the wire in service, the speed may 
be the lowest required. 
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Figure 35 shows another arrangement that varies the strength of 
the field by diverting a portion of the current through switch F. 
It gives as wide a range of regulation as Fig. 34, but is not so 
economical. é 

Figures 33 and 35 cannot be used to regulate the speed of shunt 
motors, but Fig. 34 can. The first two named figures, if used with 
a shunt motor, would simply afford a third path through which . 
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Fie. 35.—Varying field strength. 


current could pass from one side of line to the other, that is, from 
the p to the n wires, but this would not materially affect the strength 
of current that would flow through the armature and field coils. 
They work with series wound motors, because the current is not 
shunted from wire p to wire n but simply from one side of the arma- 
ture, or the field, to the other. 

Figure 36 shows an arrangement by means of which a shunt motor 
can be made for variable speed. In this case, the switch and resis- 
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tance HZ is simply an ordinary starter, and F is a resistance that is 
introduced in the field circuit, so as to vary the strength of the field. 
With this arrangement the slowest speed is obtained when all the 
resistance of F is out of the circuit 


Fie. 36.—Varying speed of shunt motor. 


Reversing Motors.—The direction in which a motor runs can be_ 
_Teversed by simply 1 reversing the direction o of f the current, through the 
“ar armature.. Any of the arrang gements.for varying the speed can pee 

“used in connection n with th reversible m motors by arranging the s switch. Se) 
as to o reverse th é the e armature. connections. Figure 37 will give a fair 
“dea of the way in which a reversing switch is made. This represents 
the type of switch used most generally for this purpose, and it is 
known as the cylinder switch. It is the kind used on trolley-cars. 
The vertical row of circles numbered from one to eleven represents 
stationary contact pieces, to which the terminals of the motor, the 
line and the resistance are attached. The shaded parts BB are 
metal plates that are secured to the surface of a cylinder, which is so 
located tiat as it is turned in one direction or the other these plates 
slide over the stationary contacts. If the cylinder is turned so that 
the plates on the right side slide over the contacts, the motor will run 
in one direction, and if the cylinder is turned in the other direction, 
the motor will be reversed. Suppose the right-side plates slide over 
the contacts, then the current from p will pass to contact 2, and 
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thence to wire a, and to the left side of the field. Through wire d it 
will return from the field to contact 5, and by means of plates N and 
T, which are connected as shown at X!, it will reach contact 3 
and wire b, which runs to the lower side of the armature. From the 
_top of the armature, through wire c, the current will return to contact 


Fic. 37.—Lay-out of motor reversing switch. 


4 and through plates S and M and the connection X will reach con- 
tact 6, which by one of the wires e connects with the left side of the 
resistance D. From the right side of this resistance, the current 
will pass to contact 10, and thus to contact 11, through the cylinder 
plate, and in that way reach line wire n. 

If the cylinder is turned further around, contact 7 will be covered 
by plate M, and this will cut one section of D. By a further move- 
ment, contact 8 will be covered, thus cutting out another section, 
and by continuing the movement, all of D can be cut out. 

If the cylinder is turned so as to slide the left-side plates over the 
contacts, the change effected will be that contact 5 will be connected 


766 TULLEY’S HANDBOOK 


with 4 instead of with 3, and contact 6 will be connected with 3 instead 
of 4, thus reversing the direction of the current through the armature. 

Dismantling a Generator.—To remove the armature, take off the 
brush holders, brush yoke, pulley and bearing caps and put a sling 
on the armature, as shown by Fig. 38. A spreader of suitable length 
should be used and its location adjusted to prevent the rope from 
drawing against the flange or end connections. 


Fie. 38.—Handling an armature. 


Assembling a Generator.—All marked parts should be assembled 
strictly according to the marking. Clean all connection joints 
carefully before clamping them together. Wipe the shaft-bearing 
sleeves and oil cellars perfectly clean and free from grit. Place the 
bearing sleeves and oil rings in position on the shaft and lower the 
armature into place, taking care that the oil rings are not jammed or 
sprung. As soon as the armature is in position, pour a little oil in 
the bearing sleeves, put the caps on the boxes and screw them down 
snugly. The top field should next be put on and bolted firmly into 
position, and a level placed on the shaft to check the leveling of the 
foundation. 

Lubrication of Generator.—Fill the bearings with the best grade 
of lubricating oil and d do fot allow it to overflow. Oil throwing 
is usually due to an excess of oil and can be avoided by care in filling 

ag “the oi oil cellars. eT ae nt eee 
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To complete the assembly, place the pulley on the shaft, draw up 
the set screws and put on the brush rigging and connection blocks. 

Before putting on the belt, see that all screws and nuts are tight 
and turn the armature by hand to see that it is free and does not rub 
or bind at any point. Put on the belt with the machine so placed on 
the rails as to have the minimum distance between pulley centers. 
Start the machine up slowly and see that the oil rings in the bearings . 
are in motion. As the machine comes up to speed, tighten the belt till 
it runs smoothly, and run the machine long enough without load to 
make sure that the bearings are in perfect condition. The bearings, 
when running, should be examined at least once a week. 

Care of Commutator.—Commutator, brushes and brush holders 
should at all times be kept perfectly clean and free from carbon or 
other dust. Wipe the commutator from time to time with a piece of 
canvas lightly coated with vaseline. Lubricant of any kind should be 
applied very sparingly. 

If a commutator gives trouble on account of roughness, with 
sparking and heating, it is necessary to smooth the surface. Delay 
will aggravate the trouble, and eventually cause high temperatures, 
throwing off solder, and possibly displacement of the segments. 
No. 0 sandpaper, fitted to a segment of wood, with a radius equal to 
that of the commutator, if applied in time to the surface when run- 
ning at full speed (and if possible with brushes raised), and kept 
moving laterally back and forth on the commutator, will usually 
remedy the fault. 

Starting a Generator.—Make sure the machine is clean, especially 
the commutator, brushes, eléctrical” connections, etc. Remove any 

“etal dust, as Serer ‘Tikely | to make a ground or short- t-circuit. 
«lM xatiine thé entire machine carefully, ‘and see that there are no 
screws of Other parts that “are loose"Or out of place.” See. that the” “the ~ 
oil clips havea simicient’stipply of oil, “and t that the passages for the. the > 
~oil'are-cléani and the feed is at the “proper Tate. “In the case of self- 
~Oiliny’ bearings; See" that the rings or other means for calFying ying the er 
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“oitwork” freely “See"that” the belt i is in place and has the proper 
tension. If it is the first time time “the” ‘fachine i is Started, it should Id_be. 
“turned a few times by hand, or very paca order to Sée ‘if the 


alt revolves easi the belt runs in center o f pulleys: 
he brushes should now be carefully examined and adjusted 


to make good contact with the commutator and at the proper point, 
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the switches connecting the machine to the circuit being left open. 
The machine should then be started with care and brought up to full 
speed, gradually if possible. The person who starts either a dynamo 
or a motor should closely watch the machine and everything con- 
nected with it, and be ready to throw it out of circuit if it is con- 
nected, and to shut down instantly if the least thing seems to be 
wrong. He should then be sure to find and correct the trouble 
before starting again. 

A generator is usually brought up to speed either by starting up a 
steam engine or by connecting the generator to a source of power 
already in motion. The former should, of course, only be attempted 
by a person competent to manage steam engines and familiar with the 
particular type in question. This requires special knowledge acquired 
by experience, as there are many points to consider and attend to, 
the neglect of any of which might cause serious trouble. For example, 
the presence of water in a cylinder might knock out a cylinder head; 
the failure to set the feed of the oil cups properly might cause the 
piston rod, shaft, or other part, to cut. And other great or small 
damage might be done by ignorance or carelessness. 

The mere mechanical connecting of a dynamo to a source of power 
is usually not very difficult; nevertheless, it should be done carefully 
and intelligently, even if it only requires throwing in a friction clutch 
or shifting a belt from a loose pulley. To put a belt on a pulley in 
motion is difficult and dangerous, particularly if the belt is large or 
the speed is high, and should not be tried except by a person who knows 
just how to do it. Even if a stick is used for this purpose, it is apt 
to be caught and thrown around by the machinery, unless it is used 
in exactly the right way. 

It used to be customary to bring dynamos to full speed before the 
brushes are lowered into contact with the commutator; but this is not 
necessary, provided the dynamo is not allowed to turn backwards, 
which sometimes occurs from carelessness in starting, and might 
injure brushes by causing them to catch in the commutator. If the 
brushes are put in contact before starting, they can be more easily 
and perfectly adjusted and the e.m-f. will come up slowly, so that any 
fault or difficulty will develop gradually and can be corrected; or the 
machine can be stopped, before any injury is done to it or to the 
system. In fact, if the machine is working alone on a system, and 
is absolutely free from any danger of short-circuiting any other 
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machine or storage battery on the same circuit, it may be started 
while connected to the circuit, but not otherwise. If there are a 
large number of lamps connected in the circuit, the field magnetism 
and voltage might not be able to “build up” until the line is discon- 
nected an instant. 

If one generator is to be connected with another, or to a circuit 
having other generators or a storage battery working upon it, the - 
greatest care should be taken. This coupling together of generators 
can be done perfectly, however, if the correct method is followed, but 
is likely to cause serious trouble if any mistake is made. 

“Cutting-in” Generators.—Two or more generators are often 
connected to a common circuit or system. The various ways in 
which this is done depend upon the character of the machines and 
the circuit. The precautions necessary in each case make this a 
most important and interesting subject, which requires careful 
consideration. ; 

Generators in Parallel.—In connecting generators in parallel the 
+ terminals are connected together or to the same line, and the — termi- 
nals are connected together or to the other line. The current (7.e. 
amperes) of the machines are thereby added, but the e.m.f. (volts) 
is not increased. The chief condition for the running of generators 
in parallel is that their voltages shall be equal, but their current capa- 
cities may be different. For example: A generator producing 10 amp. 
may be connected to another generating 100 amp., provided the 
voltages agree. Parallel working is, therefore, suited to constant 
potential circuits. 

A generator to be connected in parallel with others or with a 
storage battery, must first be brought up to its proper speed and 
voltage, otherwise, it will short-circuit the system, and probably burn 
out its armature. Its voltage should be equal to, or slightly (1 or 2 
per cent) greater than that of the circuit. Ifthe voltage of the genera- 
tor is less than that of the circuit, the current will flow back into the 
generator and cause it to be run asamotor. The direction of rotation 
is the same, however, if it is shunt-wound, and no great harm results 
from a slight difference of potential. But a compound-wound 
machine requires more careful handling. 

When two or more compound-wound machines located near each 
other are operated in parallel, they must have an equalizer connec- 
tion as shown in Fig. 4 of Sec, XXIII, This must always be con- 
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nected to all the generators when more than one is running and must 
be connected to any generator before this generator is connected into 
the circuit. 

Operating Generators and Motors.—In case of a machine which 
has not been run before, or has been changed in any way, it is of 
course wise to watch it closely at first. It is also well to give the 
bearings of a new machine plenty of oil at first, but not enough to run 
on the armature, commutator or any part that would be injured by 
oil, and to run the belt rather slack until the bearings and belt have 
gotten into easy working condition. If possible anew machine should 
be run without load or with a light one for an hour or two, or several 
hours in the case of a large machine; and it is always wrong to start a 
new machine with its full load, or even a large fraction of it. ; 

This is true even if the machine has been fully tested by its manu- 
facturer and is in perfect condition, because there may be some fault 
in setting it up, or some other circumstance which would cause 
trouble. All machinery requires some adjustment: and care for a 
certain time to get it into smooth working order. 

Once fully adjusted, a generator should be supplied with oil when 
needed. Keep the machine clean and see that it is not overloaded. 
A generator requires that its voltage or current should be observed 
and regulated if it varies. The person in charge should always be 
ready and sure to detect the beginning of any trouble, such as 
sparking, the heating of any part of the machine, noise, abnormally 
high or low speed, etc., before any injury is caused, and to overcome 
it by following directions given elsewhere. These directions should 
be thoroughly committed to memory, to facilitate the prompt 
detection and remedy of trouble when it suddenly occurs. If 
possible, the machine should be shut down instantly when trouble 
or indication of it appears, in order to avoid injury and give time for 
examination. 

Keep all tools or pieces of iron or steel away from the machine 
while running, as they might be drawn in by the magnetism, perhaps 
get between the armature and pole-pieces and ruin the machine. 
For this reason, use a zinc, brass or copper oil-can instead of iron or 
“tin” (tinned iron) one. 

Particular attention and care should be given to the commutator 
and brushes to see that the former keeps perfectly smooth and the 
latter are in proper adjustment. (See Sparking.) 
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Never lift a brush while the machine is delivering current, unless 
there are one or more other brushes on the same side to carry 
the current, as the spark might make a bad burnt spot on the 
commutator. 

Touch the bearings and field-coils occasionally to see if they 
are hot. To determine whether the armature is running hot, 
place the hand in the current of air thrown out from it by 
centrifugal force. 

Special care should be observed by any one who runs a generator or 
motor to avoid overloading it, because this is the cause of most of 
the troubles which occur. 

Why Commutator Brushes Spark.—Whenever an electric current 
is interrupted, a spark is produced and it makes no difference how 
the current is generated, or what kind of a conductor it is flowing 
through. To break a current without a spark is not a possibility; 
hence, if we desire to open a circuit without producing a spark, the 
only way to accomplish the result is by killing the current before the 
circuit is opened. The brushes resting on the commutator of a 
motor or a generator have to transmit to the armature and take 
away from it the current that is generated, in the case of a generator, 
or the current that drives the machine in the case of a motor. If 
the brushes were made so narrow that they could only make contact 
with one commutator segment at a time, it would be impossible to ° 
- run the machine without producing very destructive sparks. Com- 
mutators, however, are not made in this way. The insulation 
between the segments is narrow, and the brushes are wide enough to 
be always in contact with two segments, and part of the time with 
three. Suppose that the proportions are such that during most of 
the time the brash touches only two segments, as shown in Fig. 39. 
With these proportions it will be seen, that so long as there are two 
segments in contact with each brush, it is a possibility for the current 
to be diverted through one of them only. Suppose that at the instant 
when the forward segment is passing from under the brush, all the 
current flows through the rear segment; then it is quite evident that 
the first-named segment will break away from contact with the brush 
without making a spark, for there will be no current flowing from it 
to the brush. 

Although the brush can break away from the front segment without 
producing a spark, it cannot do the same thing with the rear segment, 
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for all the current is flowing through this one. While it is true that 
when the forward segment passed from under the brush all the current _ 
was flowing through the rear segment, it is not true that the current 
continues-to follow this path. As soon as the front segment passes 
from under the brush, the rear one becomes the forward segment, and 
while it is advancing to the point where it must pass from under the 
brush, the current can be transferred to the next segment back of it 
which now plays the part of rear segment. Thus we see that to be 
able to run a machine without producing sparks at the commutator, 
all we have to do is to provide means whereby the current is trans- 
ferred from one segment to the one back of it as the commutator 
revolves, so that when the segments pass from under the brush there is 
no current flowing through them. This result is accomplished more 
or less perfectly in all machines made by responsible firms. 

If a machine is accurately made and the armature coils and com- 
mutator segments are properly spaced and sufficient in number, it is 
possible to get the brushes so there will be little or no spark at a given 
load; but if the current strength be increased or reduced, the sparks 
will appear, and the more the current is changed the larger the sparks 
will be, the increasing current producing the greatest sparking. 

The way in which the current is shifted from the front to the rear 
segment will be explained in connection with Fig. 39. In this figure, 
A represents a portion of the core of a ring armature. The shaft 
upon which it is mounted is shown at D, and PN are the corners of the 
poles between which it rotates. The small blocks C represent a 
portion of the commutator segments, which we have placed outside 
of the armature, so as to make the diagram as simple as possible. 
For the same reason we have shown the armature coils as made of 
two turns of wire each. The line F divides the space between the 
ends of the poles into two equal parts, and the line FE divides the 
armature into two halves on which the directions of the induced 
currents is opposite. In all the coils to the right of line £ the currents 
are induced in a direction away from the shaft, and in all the coils to 
the left of line H# the currents flow toward the shaft, all of which is 
clearly indicated by the arrow heads placed upon the lines represent- 
ing the coils. The outline B represents the end of one of the brushes, 
and from the direction in which it is inclined it will be understood 
that the armature revolves in a direction counter to that of the hands 
of a clock. 
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When the armature is in the position shown, the current flowing 
in the coils to the right of line Z passes to segment b, and thus reaches 
the brush, while the current flowing in the coils to the left of line E 
reaches segment a, and through this passes to the brush. As the 
brush rests upon segments a and b the coil with which they connect 
is short-circuited, and therefore a current can flow in it in any 
direction, or there may be no current. To be able to run without . 


Fie. 39.—Current in commutator. 


spark, or to obtain perfect commutation, as it is called, the current 
in this short-circuited coil, when in the position shown, should be 
zero, or nearly so. This coil, which is short-circuited by the 
brush, is called the commutated coil, or the coil undergoing 
commutation. It will be noticed that this commutated coil is in a 
position just forward of line Z; hence, the action of pole P will be to 
develop a current in it that will flow in the same direction as the 
current in the coils ahead of it, that is, in the coils to the left. 
Now if this current flowed through the brush, it would be in a direc- 
tion contrary to that of the arrow at a; hence it would act to check the 
current flowing from the front segment a to the brush, and would 
divert it through the commutated coil to the rear segment 6. If 
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the action of pole P upon the commutated ec! i sificiently 
vigorous, the current developed in it will be as str the 
current in the coils ahead of it, by the time tho « ! the 
segment is about to break away from the rus) this 
being the case there will be no current from «7 the 
brush, and consequently, no spark. If the ac. f pole ‘P is 
not strong enough, then there will be a small cur: ment 
a to the brush when they separate, and as ares: a spark. 


If the action of pole P on the commutated coil is too vigorvus, then 
the current developed in it will be too great, and it will not only di- 
vert all the current coming from the forward coils, through the 
commutated coil to segment b, but in addition will develop a local 
current that will circulate through the end of the brush, and, therefore, 
when the separation occurs, there will be a current flowing from the 
brush to the front segment, and consequently a spark. 

If the commutated coil were placed astride of line EH, the action 
of pole P upon it would be no greater than that of pole N, so that no 
current would be developed in it while undergoing commutation. 
The farther the coil is in advance of line H,*when short-circuited by 
the brush, the stronger the action of pole P upon it; therefore, the 
strength of the current developed in the commutated coil can be 
increased by moving the brush farther away from pole P. Hence, 
by trial, a point can be found where the current developed will be 
just sufficient for the purpose and no more. This is true, supposing 
the current developed by the armature to remain constant, but, if it 
varies, the current in the commutated coil will be either too great or 
too small. If, when the brushes are set, the armature is delivering 
a current of, say, 20 amp., then the current flowing through the coils 
to the left of the brush will be 10 amp. and the current in the com- 
mutated coil will also be 10 amp. If the armature current increases 
to 40 amp., the current in the forward coils will be 20 amp., and as 
that in the commutated coils will still be 10 amp., it will have only 
one-half the strength required for perfect commutation. In practice, 
however, it is found that if the commutator have a sufficient number 
of segments, and the proportions of the machine are such that the 
line # remains practically in the same position for all strengths of 
armature current, then, if the brushes are set so as to run sparkless 
with an average load, they will run so nearly sparkless with a heavy 
or light load as to make it difficult to detect the difference. 
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Brushes Badly Set.—Even when a machine is properly propor- 
tioned, the brushes may spark badly if they are not set in the proper 
position and with the proper tension. If the tension is not right, they 
will spark no matter where they are set. If the tension is too light, 
they will spark, because they will chatter and thus jump off the sur- 
face of the commutator. If the tension is too great, they will spark 
because they will cut the commutator, and then the latter willactasa . 
file or grindstone and cut away particles from the brushes, and these 
will conduct the current from segment to segment, as well as from the 
segment to the brush. Whenever a commutator is seen to be covered 
with fine sparks, some of which run all the way around the circle, it 
may be depended upon that the surface is rough, due in most cases 
to too much pressure on the brushes, and the remedy is to smooth 
it up and reduce the tension and set the brushes where they will run 
with the smallest spark. When the brushes begin to spark they 
rarely cure themselves and the longer they are allowed to run with a 
heavy spark the worse they will get. 

Of all.the troubles which may occur, sparking is the only one which 
is very different in the different types of machines. In some its 
occurrence is practically impossible. In others, it may result from a 
number of causes. The following cases of sparking apply to nearly 
all machines, and they cover closed-coil dynamos and motors 
completely. 

Causes of Commutator Sparking.—1. Brushes not set at neutral 
point. 

Symptom.—Sparking, varied by shifting the brushes with rocker- 
arm. 

Remedy.—Carefully shift brushes backwards or forwards until 
sparking is reduced to a minimum. 

The usual position for brushes in two-pole machines is opposite 
the spaces between the pole-pieces. 

2. Commutator rough, eccentric, or has one or more “high- 
bars” projecting beyond the others, or one or more flat bars, 
commonly called “flats,” or projecting mica, any one of which 
causes brush to vibrate, or to be actually thrown out of contact with 
commutator. 

- Symptom.—Note whether there is a glaze or polish on the com- 
mutator, which shows smooth working; touch revolving commutator 
with tip of finger-nail, and the least roughness is perceptible, or feel 
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of brushes to see if there is any jar. If the machine rv 
voltage (over 250), the commutator or brushes should be tiie 
asmall stick or quill to avoid danger of shock. In case of «1 
commutator, careful examination shows a rise and fall o «4 
when commutator turns slowly, or a chattering of brusk 
ning fast. 

Remedy.—Smooth the commutator with a fine file o1 
paper which should be applied by a block of wood which 
the commutator (in later case, be careful to remove any saic 
ing afterward; and never use emery). If bearing is loose y 
one. If commutator is very rough or eccentric, it should be taken 
out and turned off. 

3. Brushes make poor contact with commutator. 

Symptom.—Close examination shows that brushes touch only 
at one corner, or only in front or behind, or there is dirt on sur- 
face of contact. Sometimes, owing to the presence of too much 
oil or from other cause, the brushes and commutator become very 
dirty and covered with smut. They should be carefully cleaned by 
wiping with oily rag or benzine, or by similar means. 

Occasionally a ‘‘glass-hard” carbon brush is met with. It is 
incapable of wearing to a good seat or contact and will only touch in 
one or two points, and should be discarded. 

Remedy.—File, bend, adjust or clean brushes until they rest evenly 
on commutator, with considerable surface of contact and with sure 
but light pressure. 

Sometimes brushes make poor contact, because the brush-holders 
do not turn or work freely. 

4. Short-circuited coil in armature or reversed coil. 

Symptom.—A motor will draw excessive current, even when running 
free without load. A generator will require considerable power even 
without any load. 

The short-circuited coil is heated much more than the others, and 
is apt to be burnt out entirely; therefore, stop machine immediately. 
If necessary to run machine to locate the short-circuit, 1 or 2 min. 
is long enough, but it may be repeated until the short-circuited 
coil is found by feeling the armature all over. 

An iron screwdriver or other tool held between the field-magnets 
‘near the revolving armature, vibrates very perceptibly as the short- 
circuited coil passes. Almost any armature, particularly one with 


D. C. GENERATORS AND MOTORS 777 


teeth, will cause a slight but rapid vibration of a piece of iron held 
near it, but a short-circuit produces a much stronger effect only once 
per revolution. 

The current pulsates and torque is unequal at different parts 
of a revolution, these being particularly noticeable when armature 
turns rather slowly. If a large portion of the armature is short- 
circuited, the heating is distributed and harder to locate. In this _ 
case a motor runs very slowly, giving little power, but having full-field 
magnetism. 

Remedy.—A short-circuit is often caused by a piece of solder or 
other metal getting between the commutator bars or their con- 
nections with the armature, and sometimes the insulation between 
or at the ends of these bars is bridged over by a particle of metal. 
In any such case the trouble is easily found and connected. If, 
however, the short-circuit is in the coil itself, the only real cure is 
to rewind the coil. 

One or more “grounds” in the armature may produce effects simi- 
lar to those arising from a short-circuit. 

5. Broken circuit in armature. 

Symptom.—Commutator flashes violently while running, and 
commutator-bar nearest the break is badly cut and burnt; but in 
this case no particular armature coil will be heated, as in the last 
case and the flashing will be very much worse, even when turning 
slowly. This trouble, which might also be confounded with a bad 
ease of “high-bar” or eccentricity in commutator (sparking), is 
distinguished from it by slowly turning the armature, when violent 
flashing will continue if circuit is broken, but not with eccentric 
commutator or even with ‘high bar.” 

Remedy.—The trouble is often found where the armature wires 
connect with the commutator and not in the coil itself, and the 
break may be repaired or the loose wire may be resoldered or screwed 
back in place. If the trouble is due to a broken commutator con- 
nection and cannot be fixed, then connect the disconnected bar to 
the next by solder, or “stagger” the brushes; that is, put one a little 
forward and the other back so as to bridge over the break. If the 
break is in the coil itself, rewinding is generally the only cure. 

6. Weak field-magnetism. 

Symptom.—Any considerable vibration is almost sure to produce 
sparking, of which it is a common cause. This sparking may be 
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reduced by increasing the pressure of the brushes on the com 
but the vibration itself should be overcome by the remed:os 
to above. 

7. Chatter of Brushes. 

The commutator sometimes becomes sticky when carbo 
are used, causing friction, which throws the brushes into 1 
tion as the commutator revolves, similarly to the ¢ 
violin-bow. 

Symptom.—Slight tingling or jarring is felt in brushes. 

Remedy.—Clean commutator and oil slightly. This 
once. 

8. Noisy Armatures. 

Vibration due to armature or pulley being out of balance. 

Symptom.—Strong vibration felt when the hand is placed upon the 
machine while it is running. Vibration changes greatly if speed is 
changed. 

Remedy.—The easiest method of finding in which direction the 
armature is out of balance is to take it out and rest the shaft on two 
parallel and horizontal A-shaped metallic tracks sufficiently far apart 
to allow the armature to go between them. If the armature is then 
slowly rolled back and forth, the heavy side will tend to turn 
downward. 

The armature and pulley should always be balanced separately. 
An excess of weight on one side of the pulley and an equal excess of 
weight on the opposite side of the armature will not produce a balance 
while running, though it does when standing still; on the contrary, 
it will give the shaft a strong tendency to ‘‘wobble.” <A _ perfect 
balance is only obtained when the weights are directly opposite, 7.e., 
in the same line perpendicular to the shaft. 

9. Armature strikes or rubs against pole pieces. 

Symptom.—KEasily detected by placing the ear near the pole- 
pieces, or by examining armature to see if its surface is abraded at 
any point, or by examining each part of the space between armature 
and field, as armature is slowly revolved, to see if any portion of it 
touches or is so close as to be likely to touch when the machine is 
running. Or, turn armature by hand when no current is on, and note 
if it sticks at any point. 

Remedy.—Bind down any wire, or other part of the armature 
that may project abnormally, or file out the pole-pieces where the 
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armature strikes, or center the armature so that there is a uniform 
clearance between it and the pole-pieces at all points. 

10. Singing or hissing of brushes. 

Symptoms.—Usually occasioned by rough commutator, tips of 
brushes not being smooth, or layers of a copper brush not being held 
together in place. With carbon brushes, hissing will be caused by 
the use of gritty or too hard carbon. Vertical carbon brushes, or . 
_ brushes inclined against the direction of rotation, are apt to squeak 
or sing. A new machine will sometimes make noise from rough 
commutator, no matter how carefully it is turned off, because the 
difference in hardness between mica and copper causes the cut of the 
tool to vary, thus forming inequalities which are very, minute, but 
enough to make noise. This can be best smoothed by running. 

Remedy.—Apply a very little oil or vaseline to the commutator 
with the finger or a rag. Adjust the brushes or smooth the com- 
mutator. Carbon brushes are apt to squeak in starting up, or at 
slow speed. ‘This decreases at full speed, and can usually be reduced 
by moistening the brush with oil, care being taken not to have any 
drops, or excess of oil. Shortening or lengthening the brushes some- 
times stops the noise. Run the machine on open circuit until com- 
mutator and brushes are worn smooth. 

For alternating-current machinery and principles of alternating 
current see Sec. XXII. 

Heating of Generator or Motor.—The degree of heat that is injuri- 
ous or objectionable in any part of a generator or motor is easily 
determined by feeling the various parts. If the heat is bearable for 
a few moments, it is entirely harmless. But if the heat is unbearable 
for more than a few seconds, the safe limit of temperature has been 
passed, except in the case of commutators in which solder is not used; 
_ and it should be reduced in some of the ways given above. 

In testing with the hand, allowance should always be made for 
the fact that bare metal feels much hotter than cotton, etc. If the 
heat has become so great as to produce an odor or smoke, the safe 
limit has been far exceeded and the current should be shut off and 
the machine stopped immediately, as this indicates a serious trouble, 
such as a short-circuited coil or a tight bearing. 

The machine should not again be started until the cause of the 
trouble has been found and positively overcome. Of course neither 
water nor ice should ever be used to cool electrical machinery, except 
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possibly the bearings of large machines, where it can be applied 
without danger of wetting the other parts. 

Feeling for heat will answer in ordinary cases, but 
sensitiveness of the hand differs, and it makes a very g 
whether the surface is a good or bad conductor of he 
of the hand is more sensitive and less variable than th: 
test. But for accurate results a thermometer should be app ic: 
covered with waste or cloth to keep in the heat. The temperatur 
parts of the machine should never rise more than 45 deg. Cen!., or § 
deg. Fahr. above the temperature of the surrounding air. 1 the actua 
temperature of the machine is near the boiling point, 1\!0 © 
or 212 deg. Fahr., it is seriously high. 

It is very important in all cases of heating to locate correctly the | 
source of heat in the exact part in which it is produced. It is a 
common mistake to suppose that any part of a machine which is 
found to be hot is the seat of the trouble. A hot bearing may cause 
the armature or commutator to heat or vice versa. In every case, 
all parts of the machine should be felt to find which is the hottest, 
since heat generated in one part is rapidly diffused throughout the 
entire machine. 

It is generally much surer and easier in the end to make observa- 
tions for heating by starting with the whole machine perfectly cool, 
which is done by letting it stand for one or more hours or over 
night, before making the examination. When ready to try the 
generator, run it fast for 3 to 5 min., with the field magnets 
charged; then stop, and feel all parts immediately. The heat will be 
found in the right place, as it will not have had time to diffuse from 
the heated to the cool parts of the machine. Whereas, after the 
machine has run some time, heat will spread until all parts are 
equal in temperature, and it will be almost impossible to locate 
the trouble. 

Excessive heating of commutator, armature, field magnets, or 
bearings may occur in any type of generator or motor, but it can 
almost always be avoided by proper care and working conditions. 

Effect of Armature Displacement.—In an old machine, it is more 
than likely the shaft will be found out of center, and if this fact is 
discovered at a time when things are not working as they should, it is 
taken for granted this is the cause of the trouble. What is true of 
shafts out of center is true of several other things that are liable to get 
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out of place. For the present it will be sufficient to investigate just 
what effect the displacement of the shaft can have. 

Figure 40 illustrates an armature of a two-pole machine which is 
out of center in one direction, and Fig. 41 shows another two-pole 
armature out of center in a direction at right angles to that shown in 
the first figure. The condition shown in Fig. 40 could be produced 
by a heavy armature running in rather light bearings for several ‘ 
years, and the side displacement of Fig. 41 could be produced by the 
tension of an extra tight belt. The mechanical effect of both these 
conditions would be to increase the pressure on the bearings, as the 
part a of the armature would be drawn toward the poles of the field 
with greater force than the opposite side. The downward pull, due 


A 


Fies. 40 and 41.—Armature out of center. 


to the attraction of the magnetism, would be greater in Fig. 40 than 
the side pull in Fig. 41 supposing both armatures and fields to be the 
same in both cases, and the displacement of the shafts equal. 
This difference is due to the fact that in Fig. 40 the magnetism of 
both poles is concentrated at the lower corners on account of the 
shorter air gap; hence both sides pull much harder on the lower side. 
In Fig. 40 the pull of the N pole is greater than that of the other, 
simply because in the latter the magnetism is more dispersed, but 
the difference in the density on the two sides will not be very great. 
If the bearings of a machine, with the armature displaced, as indi- 
cated, have shown any signs of cutting, or if they run unusually 
warm, their condition will be improved by putting in new bearings 
that will bring the shaft central. 

Displacement of drum-type armature has no effect upon the genera- 
tor electrically. This is owing to the fact that all the armature coils 
are wound from one side of the core to the other, and, therefore, at 
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all times, every coil has one side under the influence of o: 
the other side under the influence of the opposite pole. 
side is acted upon strongly by one pole, it will be acted 
by the other. 

If the armature is of the ring type, then the displac 
shaft will affect it electrically, for in a ring armature, tl 
side are acted upon by the pole on that side, only, and as 
field from one pole will be stronger than that from the b 1s, 
considering the action upon equal halves of the armatuzy,, we 
developed in the coils on one side of the armature will be greater than 
that developed on the other side. 

Disturbance in commutator, of electrical balance may cause the 
brushes to spark badly, because the voltage of the current generated 
on one side of the armature will be greater than that of the current 
on the other side. Hence, when these currents meet at the brushes, 
the strong one will tend to drive the weak one backward. If, while 
the armature is out of center, we wish to adjust the brushes so as to 
get rid of the excessive sparking, all we have to do is to set them to the 
right of the center line, as in Fig. 41 so the wire on the left side 
will cover a greater portion of the circumference than the right. 

In a multipolar machine, the displacement of the armature will 
have the same effect mechanically as in the two-pole type; multipolar 
armatures are connected in two different ways, one of which is called 
the wave or series winding, and the other the lap or parallel winding. 
In the first named type of winding, the ends of all the coils on the 
armature are connected with each other and with the commutator 
segments in such a manner that there are only two paths through the 
wire for the current; therefore, these two armature currents pass 
under all the poles and the voltage of each current is the combined 
effect of all the poles. From this very fact, it can be clearly seen 
that it makes no difference what the distance between the several 
poles and armature may be, for if some are nearer than the others, the 
only effect will be that these poles will not develop their share of the 
total voltage, but whatever their action may be, it will be the same on 
the coils in both circuits. 

When a multipolar armature is connected so as to form a parallel 
or lap winding, then the connections between the coil ends, and 
between these ends and the commutator segments, are such that as 
many paths are provided for the current as there are poles, and each 
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one of these paths is located under one pole, and as a consequence, 

the voltage developed in it is proportional to the action of this pole. 

The diagram Fig. 42 illustrates a six-pole armature with the ends of 

the field poles, and the arrows a a, b b, cc, indicate the six separate 

divisions of the coils in which the branch currents are developed. 

Now, it can be clearly seen that as the armature is nearer to the lower 

poles than to any of the others, the action of these will be the strongest. : 
Hence, the currents a a will be stronger than the others and will have 

a higher voltage. 


Fig. 42.—Six-pole armature 


The two upper currents are weaker than the side ones and their 
voltage is also lower, so that the current returning to the commutator 
through the brushes at the upper corners will not divide equally, 
but the larger portion will be drawn into the coils on the side; and as 
the upper coils will have to fight to hold their own, so to speak, there 
will be a distrubance of the balance that is required for smooth running. 
The result will be heavy sparking at these brushes. In the great 
majority of cases, if the brushes of a multipolar machine spark on 
account of the armature being out of center, the only cure is to reset the 
bearings, if they are adjustable, and if they are not, to put in new ones. 
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SECTION XXII 
A. C. GENERATORS AND MOTORS 


Field Magnetization of Alternators.—In alternating-current__ 
generators the field is magnetized permanently by. means of a 
current, obtained, ‘generally, from a_ small generator ‘that. i is called 
‘an exciter. An alternating current cannot be_used to magnetize 

é field ‘because the fi field magnetism must_remain unchanged. 
Action of alternators rk be understood by Figs. 1 to 5. In 


Fig. 1, P and N y represent the poles of the field ld magnet | of a two- pole 


on ie Rear, 


“Machine. = The: armature is provided with a a single coil of wire a. 


“When this coil is in the position shown, no e.m. af. will be induced 1 in it~ 


es 


By 0 


Fias. 1, 2 and 3.—Alternating current generation. 
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but as it begins to rotate from this position e.m.f. will be induced, and 
“will increase in magnitude until one-quarter of a ré 
Thade, when it will be at the maximum value. 

"During the next “quarter revolution the e.m.f. will gradually 
reduce, becoming zero when the half turn is completed. During 
the next half turn the e.m.f. will again rise to a maximum and fall 
to zero, but it will be oppositely directed, so that if during the first 
half turn the e.m.f. is positive, during the next half it will be negative, 
and this operation will be repeated for each revolution of the arma- 
ture. Thus it will be seen that if the armature revolves ten times 
in a second, the frequency of the current generated will be ten, and 
in any case the frequency will be equal to the number of revolutions 
the armature makes in asecond. This is true for a two-pole machine, 
if the generator has four poles the frequency of the current will be 
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equal to twice the number of revolutions per second and for any 
greater number of poles the frequency will be equal to the number of 
revolutions of the armature per second multiplied by half the number 
of poles. Alternating-current generators are always made with a 
large number of poles so that the frequency required may be obtained 
without running the armature at too great a speed. 

Single-phase Generator.—Figure 1 shows a simple iple alternating _ 
current generator, or what is called~a single-phase gen generator. (Ae. 
see ones ees ue ties eenerstes “one alternating current. 2 

Wo-p enerator._As shown by lig. 2, this type of 
Ri vient generator delivers two client currents 
that are out of phase with each other by one-quarter of a period, 
that is, by 90 deg. Such a generator is provided with two coils or sets 
of coils placed at right angles to each other in a two-pole machine, 
and so that the sides of one set come opposite the centers of the other 
set, in multipolar machines. 

In Fig. 2 it will be seen that coil a is in the same position as the 
coil in Fig. 1, hence no e.m.f. is being induced in it. Coil b, however, 
is in the position in which the induced e.m.f. is of the maximum 
value, thus it will be seen that as the armature revolves the e.m.f. 
in one coil will rise toward the maximum while that in the other coil 
will be decreasing toward zero. 

Three-phase Generator.—This type of f alternator, as shown by Fig. 
3, delivers three alternating curre currents that are out of phase with each 
ee een of 120° Teg. on one third of a period. = 
pie is ee and if we assume that the armature is revolving in 
the direction of the hands of a clock, then the e.m.f. induced in coil b 
is very near the maximum value, but is still increasing, and will 
become the maximum when the coil reaches the horizontal position. 
In coil c the e.m.f. has passed the maximum and is reducing toward 
zero, which value it will reach when the coil reaches the vertical 
position, or the position in which a now is. 

Multipolar Generators.—Figures 1, 2 and 3 explain the principle of 
one-, two- and three-phase alternators and show the position of the 
coils on two-pole alternators. However, they do not show the posi- 
tions of the coils on modern coil-wound alternators with more than two 
poles. On such machines the groups of coils are arranged as shown 
in Figs. 4 and 5. A single-phase machine will have one set of coils 
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only, those marked A in Fig. 4. A two-phase generator will have 
two sets of coils, the additional set being placed in the position 
shown by broken lines and marked B. In this construction the 
machine has as many groups of A coils as there are poles and the 
same number of B coils. Figure 5 shows the way in which the coils 


Fic. 4.—Two-phase generator coils. 


are arranged in a three-phase generator of the multipolar type, the 
three sets of coils being marked ABC. 

In actual generators the armature coils are seldom given the form 
shown in these diagrams, but whatever the from may be the principle 
of winding is the same. 


Fic. 5.—Three-phase generator coils. 


In an alternator the armature coils forming one set.are connected 
in series with each other, and the entering end of the first coil and 
the leaving end of the last coil are connected with collector rings 
mounted upon the armature shaft, and the current is taken from 
these by means of brushes similar to the commutator brushes of direct- 
current machines. This is the arrangement with generators of what 
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is known as the revolving armature type, which is illustrated 

in Figs. 1 to 5. There is another type in which a stationary outer 

part is the armature, and the revolving part is the field. Machines 

of this kind are called revolving field alternators. The principle of 

operation is the same in both types, but the revolving field type has 

the advantage that, as the armature is stationary, no collector rings 

and brushes are required to take off the heavy-load current. All that - 
is necessary is to provide binding posts to which the ends of the 

armature coils are connected, and from these, the external circuit 

wires are run off. 

Revolving Field Generator.—In alternators of this type, the field 
magnetizing coils are mounted on the periphery of the revolving 
part, hence the current that traverses them must pass through col- 
lector rings mounted upon the shaft. This type of machine requires 
collector rings but in the revolving armature type the whole armature 
current passes through the collector rings, and on that account they 
must be made very large; while in the revolving field machines the 
rings can be made small, as only the field current passes through them, 
and this is only from one to two per cent of the armature current. 

Inductor Generators.—There is still another type of alternating- 
current generator in which the wire on the field as well as the arma- 
ture is held stationary. Such machines are called inductor gen- 
erators. Nowadays this type is used only for high frequencies such 
as employed in radio work. The revolving portion of such generators 
is simply a mass of iron formed like a very large pinion with cor- 
respondingly large teeth. When this part revolves the ends of the 
teeth sweep over the armature coils, running as close to them as they 
can without touching. The magnetic flux developed by the field coil 
issues from the ends of the teeth and cuts through the armature coils 
thus inducing e.m.fs. in them. 

Alternators in Parallel.—Alternating-current generators may be 
run singly or in parallel but they cannot be run in series. If an 
attempt is made to run them in series, one of the machines will 
act as a motor and will be driven by the current generated in the 
other. When alternators are connected in parallel it is necessary 
that they run at exactly the same velocity, if they are identical in 
construction. If the generators are not of the same construction 
then their velocities will depend upon the number of poles each one 


has. 
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Machines of different size and even design, can be connected in 
parallel, providing the frequency of the currents they generate are 
the same. To make the frequency the same it is necessary that the 
velocity of each machine multiplied by the number of poles it has 
be equal to the same number. Thus if one machine has twice as 
many poles as the other, it must run at one-half the velocity. 

The velocity of alternators connected in parallel must be equal, 
absolutely, and not practically so; that is, if two machines are alike, 
and one runs at 1,000 r.p.m., the other must run at 1,000 and it 
cannot run at 999 or 1,001. Since such extreme accuracy in speed 
is necessary it might be inferred that it is practically impossible to 
run alternators in parallel unless their shafts are coupled together, or 
they are connected through spur gearing with the same driving shaft. 

As a matter of fact, however, alternators can be run in parallel 
even if one is driven by a steam engine and the other by a water 
wheel, and they may be side by side or several miles apart. The 
reason why this is the case is that when the machines are in operation, 
the current holds them in step. If several generators are feeding into 
the same circuit, and one machine tends to lag behind the others, its 
current. reduces and thus the speed increases as less power is 
required to drive it. If the tendency to lag increases, the machine 
begins to act as a motor, and is driven by the current from the other 
machines. 

Uniform Velocity Necessary in Alternators.—It is possible to run 
alternators in parallel under almost any conditions providing they 
are speeded so as to generate current of the same frequency and 
nearly the same voltage. Entirely satisfactory results cannot be 
obtained unless the angular motion is uniform, that is, unless the 
velocity of rotation is the same at all points of the revolution. If a 
steam engine has a light flywheel the velocity of the shaft will not be 
the same at all points of the revolution, but will be the slowest when 
the crank is passing the center, and the fastest when at half-stroke. 
This fact is clearly shown by the irregular motion of the paddle-wheels 
of river boats driven by a single engine. 

If two alternators are driven by two engines whose rotative motion 
is not uniform and the engines are so timed that one is on the center 
when the other is at half-stroke, then the action of the two alternators 
will be irregular, for when one machine is rotating at the highest 
velocity the other will be rotating at the lowest, 
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This uneven action of the alternators may be compared with the 
work of two horses hitched to a wagon and pulling unevenly. If 
both horses pull together all the time the whiffle-tree will remain 
straight and the wagon will be drawn along smoothly; but as soon as 
the horses begin to pull unevenly the whiffle-tree will be jerked back 
and forth and the motion of the wagon will be irregular. In this 


case the horses soon tire out because they work against each other | 


part of the time. The action between two alternators that do not 
rotate with uniform velocities is practically the same as that of two 
horses that do not work together; the machine that runs ahead not 
only sends a current into the main circuit, but in addition backs up a 
current through the other generator, thus wasting energy by causing 
a strong current to flow back and forth between the two machines. 
To overcome this difficulty engines made to drive alternators are 
provided with extra heavy flywheels, so that the momentum may be 
sufficient to keep the speed up to ete normal point while the crank 
is passing the center. 

With small alternators that have only a few poles and are driven 
by high-speed engines, the effect of irregular motion is not so great as 
in large machines having many poles, hence the large slow-speed 
engines, used to drive alternators having a large number of poles, 
must be provided with excessively large flywheels to run in a satis- 
factory manner. 

The reason why alternators with a large number of poles require 

BLOTS wis 

greater regularity in in_motion _to gi give satisfactory’ Jesus can. _be. 
“driven by engines ioe flywheels are 25 ft. in aero Sup- 
pose, further, that the irregularity in motion is such that each 
engine when running at the faster velocity, gets 3 in. ahead 
of the other. Then the advance in position will be 1 per cent, and 
consequently the currents of the two generators will run ahead and 
behind each other 1 per cent at each quarter of a revolution. Now, 
if these same two engines drive two 20-pole alternators, then 
the irregularity in motion will be multiplied ten times, because 
one-tenth of a revolution will give one cycle of current, and the 
current of each machine will run ahead and fall behind the other 10 
per cent, instead of 1 per cent. 

Belted Alternators.— When two alternating-current generators are 
belted to separate prime movers, their parallel operation is dependent 
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upon the governing of the prime movers. If the generators are belted 
to the same source of power, their parallel operation depends upon the 
proportions of pulleys and belts, and upon the tension and friction 
of the latter. Under such conditions, the pulleys and belts must be 
adjusted with great nicety, so that both machines will, with 
~ proper belt tension, run at exactly the same frequency. Even where 
pulleys are of exactly the correct dimensions, a slight difference in the 
thickness of belts may cause considerable cross-current or unequal 
division of load. 

Direct coupled alternators must be driven by engines adjusted to 
run at synchronous speed, but also must have flywheels large enough 
to’ prevent appreciable variations of frequency within each revolu- 
tion. Inequalities of speed, due to insufficient flywheel effect, will 
cause periodic cross-currents between dynamos, or will entirely pre- 
vent their operation in parallel. The greater the number of poles ina 
direct coupled machine, the less the angular speed variation neces- 
sary to cause trouble. 

High speeds are much more desirable with direct coupled alter- 
nators than low speed, and low frequencies present less difficulties 
than high. The desirability of high speeds with direct coupled 
alternators cannot be too strongly stated. While an increase of 
flywheel effect will equalize the angular irregularities of engine motion, 
it cannot bring about such good results as would be brought about 
by a similar reduction of angular error effected through an increase 
of speed. While a large flywheel steadies the motion, it may tend 
to prevent correction of the angular error through the effect of the 
cross-currents. Cross-currents, which flow in machines having light 
flywheels may have an effective tendency to hold them together; 
while machines with very heavy flywheels may tend to act inde- 
pendently of each other as far as angular variations are concerned. 

These matters should be carefully considered in installing direct 
connected alternators. Where engines operate at the same speed 
and have the same number of cranks, this trouble can sometimes 
be overcome by synchronizing the engines themselves so that the 
impulse in both come together. When the flywheel effect is insuffi- 
cient, the frequency will fluctuate and this may cause serious trouble 
if synchronous motors or rotary converters are connected to the cir- 
cuit. When the cranks of two engines coupled to alternators are 
synchronized, any fluctuation of frequency which is due to lack of 
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flywheel effect will still exist, although it may not affect parallel 
running. 

Where alternators have to be operated in parallel by engines to 
which they are directly coupled, it is generally desirable to use engines 
having as many cranks as possible, so that the crank efforts will be 
well distributed throughout the revolution, and will not tend to 
produce irregularity of motion. 

Starting Alternators.—After the armature begins to turn, see that 
the oil rings in the bearings are in motion. When the machine is up 
to speed and all switches are open, lower the brushes on the com- 
mutator and collector, making sure that each bears evenly and 
squarely on the surface. Turn the rheostat until all resistance is in, 
then close the switch in the exciter circuit. Set the exciter brushes 
properly and adjust the voltage of the exciter to the proper point. 

The alternator rheostat may then be turned gradually over until 
the proper alternating voltage is indicated. The main circuit of 
the machine may now be closed. The commutator brushes should 
be adjusted at a non-sparking position. If there is any load the 
voltage should increase slightly. If it decreases, it shows that the 
series coils and the separately excited coils are opposing each other, 
unless this decrease is caused by a drop in speed. If it is found that 
the coils are opposing each other, unclamp the brush-holder yoke of 
the alternator and move its commutator brushes backward or 
forward one and one-half segments in a three-phase machine, and one 
segment in a two-phase machine. A position giving maximum 
voltage will be found from which any motion, forward or backward, 
diminishes the voltage. Having once determined the correct setting 
of the brushes, they may generally remain unchanged, unless the 
generator is subject to great variation of load when in some machines, 
slight movements may be found desirable. 

Starting Alternators Connected in Parallel.—In starting direct- 
current generators that are connected in parallel all we have to do is 
to set one machine in operation and then after the second one is 
running up to full speed, we adjust its field regulator until the voltage 
is the same as that of the first machine, or one or two volts higher. 
We then throw the switch and connect it with the switchboard. 
In starting alternators that are connected in parallel we have to do 
more than this, we must not only adjust the second machine so that 
its voltage is the same as that of the first, but we must bring it up to 
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the proper speed and get its current in phase with that of the first 
generator before we connect it with the switchboard. To accom- 
plish all this with certainty, devices are used that are called synchro- 
nizers, or phase indicators. These devices consist generally of a 
couple of small transformers one of which is connected with the 
circuit of each generator. The secondary wires of these transformers 
are connected to a synchroscope. This synchroscope has a pointer 
which may revolve about a center point, and usually in addition one 
or two incandescent lamps are connected in this circuit. When 
the second machine is started up, as its speed is much lower than 
that of the generator already in operation the frequency of the secon- 
dary current of its transformer will be much lower than that of the 
first machine, and as a result the pointer will revolve and the lamps 
will flicker rapidly. As the second machine builds up its speed motion 
of the pointer and the flickering of the lamps will become slower. 
When the two generators are running at nearly the same speed the 
flickering will be replaced by rather long periods of darkness and 
light. During the periods when the lamps are lighted the current 
generated by one of the transformers is in such a direction as to act 
in series with the current of the other and thus draw the current 
through the lamp. When the lamps are dark it is because the cur- 
rents of the two transformers are in opposition to each other and 
thus no current passes through the lamps. Finally when the action 
becomes very slow, the second machine may be connected to the 
live bus. This should be done when the pointer is at the zero point 
and the lamps are dark (or brightest with some synchroscopes). 
In order that the connections may be completed at the right time 
it is well to start to throw the switch a moment before the pointer is 
at zero. The second generator will not be running at exactly the 
proper speed when it is connected with the switchboard, but as soon 
as it is connected the currents of the two machines acting upon each 
other will at once draw the second machine into step with the first 
one, and they will continue to run in step even if the power driving one 
of the 1rmachines should fail. In the latter case, the first machine 
would not only furnish current for the main circuit, but would in addi- 
tion drive the second machine as a motor. 

Synchronizing lamp connections are shown by Fig. 6. The three 
upper lines are connected with the main busbars on the switchboard 
and the lower lines run to the generator that is to be synchronized. 
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The left side of the diagram shows the connections for synchronizing 
a single-phase generator. In such a case, the middle wire running to 
the busbars and to the generator would not be used. The syn- 
chronizing transformers would have their primary coils connected 
with the side wires in the manner shown by lines ff and gg. When the 
generator current is in synchronism with that in the busbars, the 
primary currents in the two synchronizing transformers will flow in - 
the direction of the arrows aa, and the secondary currents will be in 
the direction of arrows c, that is, in opposition to each other, so that 
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Fia. 6.—Arrangement for synchronizing lamps. 


no current will pass through the synchronizing lamps. If the con- 
nections of one of the transformers are reversed, either in the primary 
or secondary, the two secondary currents will flow through the lamps 
in the same direction as indicated by the arrows d on the right side of 
the diagram. Thus it will be seen that the synchronizing lamps can 
be arranged so that they will light up when the generator current is 
in phase with the busbar current, or they may be arranged so as to 
be dark at this instant. Generally they are arranged so as to be 
bright when the current is in phase and the switch connecting the 
generator with the switch board should be closed at the instant 
when the lamps appear to be brighter. 

Temporary synchronizing apparatus for use when two- and three- 
phase generators are started for the first time, may be connected in 
the manner shown on the right side of Fig. 6. The synchronizing 
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lamps on the left side will show that the current flowing in the two 
side wires is in synchronism, but this does not show that the other 
currents also synchronize. To make sure that the temporary trans- 
former is properly connected the connections e are made first, and 
if the lamps on both sides of the diagram become dark and bright 
together, the connections are correct. The connections are then 
broken and are transferred to the middle wire; then when all the cur- 
rents are synchronized, all the lights willlight up together. Generally 
the internal connections of synchronizing transformers are properly 
made, and the correct connection of the terminal wires is clearly 
indicated so that mistakes in making connections are not very likely. 

Running Alternators in Parallel.—If speeds are exactly adjusted, 
any two alternators of the same frequency will operate together in 
parallel. The maximum angular displacement that may take place 
between two machines in parallel without causing objectionable 
phase difference decreases with increased number of poles. For this 
reason high frequencies are, generally speaking, less favorable to 
parallel operation than lower frequencies. Machines of the highest 
frequencies ordinarily used can, however, be successfully run in 
parallel if the mechanical arrangements are suitable. 

Division of Alternator Load.—Generators to be driven in parallel 
must run at such speeds as will give exact equality of frequency. 
If the prime mover running one machine tends to produce a lower 
frequency than that running the other, the machines cannot carry 
equal loads. 

When two alternators operate in parallel, each must carry an 
amount of load proportionate to the power received from its prime 
mover. If one engine or water-wheel governs in such a manner as to 
give more power than the other, this machine must carry more load, 
no matter what the field excitation may be. If under such condi- 
tions, the field excitations are correct, both machines will deliver 
current to the line in approximately the proportions in which they 
receive power from their prime movers. If the field adjustments are 
incorrect, there will be idle currents between the machines in addition 
to the currents which go to the line. 

Starting Parallel, Direct Coupled Alternators.—When an alter- 
nator driven by separate engine is thrown into parallel with others 
which are carrying load, the throttle should be partly closed so that 
it can run just at synchronous speed without carrying load. After 
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it is in step with the other machines, load can gradually be taken on 
by giving more steam. If this is carefully done the voltage on the 
circuit is not disturbed by the addition of the machine. 

When a belted machine is to be thrown into parallel with others 
driven by the same shaft, its belt tension should first be reduced, 
which will tend to admit enough slip to bring it into step with the 
loaded machines. After it is thrown in it will gradually take load as » 
the belt is tightened. 

Shutting Down Alternators——When closing down alternators 
operating singly, both the generator and exciter field resistance 
should be cut in by turning the rheostat before the line switch is 
opened. 

When two or more generators are running in parallel on the bus- 
bars, one may be shut down at any time. The equalizer switch 
should be opened first, then the load reduced by throttling the engine 
or by slacking the belt. As soon as the load is practically off, open 
the main switch. 

Care of Alternators.—It is absolutely necessary that high voltage _ 
machines be _kept scrupulously clean. » Small particles of copper or 
Carbon dust, may be sufficient to start a disastrous arc. ‘The com- ‘ 
mutator colléctor should’ r receive “careful attention and. be _wiped 

“thoroughly « y every day. eee | 

-—Fidm time to time the machine should be thoroughly overhauled 
and given a coating of air-drying japan after cleaning. Machines of 
the rotary field type are so constructed that it is a comparatively 
easy matter to get at every part of the armature coils. In a large 
station it is recommended that an air compressor be installed so that 
a hose can be led to the machine and the dust thoroughly blown out. 

It is advisable to have rubber mats in front of high tension switch- 
boards and on the floor at the commutator-collector end of the gen- 
erator. If it is necessary to adjust the brushes while the machine is 
in operation, the attendant should stand on the mat and it is also 
recommended that he wear rubber gloves. 

Both commutator and collector rings require a very slight amount 
of vaseline. In applying it a dry stick with a little chamois leather 
tied to one end may be used, so that there will be no danger of coming 
in contact with the brushes. 

With the brushes properly set and all screws firmly tightened into 
place, the generators should require very little attention while running. 
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It is well to note from time to time whether the oil rings are working 
properly. 

Alternating Current Motors.—An alternating-current generator 
can be used as a motor providing it is supplied with the same kind of 
current, that is, with continuous current to magnetize the field, and 
with alternating current for the armature. A single-phase alternator 
will run as a motor if connected in a single-phase circuit. 'Two-phase 
generators will act as two-phase motors, and three-phase generators 
will act as three-phase motors. With any one of these three types 
of machines direct current will be required to magnetize the field. 
Two and three-phase machines can be run with a single alternating 
current, by connecting one of the armature circuits only, or all the 
circuits may be used if they are connected in parallel. 

Synchronous Motors.—When an alternator is used as a motor, 
it is called a synchronous motor, because it runs in synchronism with 
the generator that supplies the current. A simple alternator (single- 
phase machine) becomes a single-phase synchronous motor, and a two- 
or three-phase generator becomes a two- or three-phase synchronous 
motor. We 

Starting Synchronous Motors.—A single-phase motor will not 
start of its own accord, but must be set in motion and run up to 
nearly its full speed before it will begin to act as a motor. If started 
without a load, when it comes rather near to its full speed it will 
give a sudden jump and swing into step with the current and then 
continue to run at this velocity. If it is started with a full load it 
will not fall into step with the current until its speed is very nearly 
up to the proper point. Synchronous motors are never started under 
load, they are always started light. 

Two- and three-phase synchronous motors can be started without 
outside assistance. Synchronous motors are generally provided with 
a self-starting motor, to set them in motion, or else they are arranged 
so as to be self-starting by being converted, in the act of starting, 
into some form of motor that is self-starting. 

Owing to the fact that synchronous motors are not self-starting, 
they are generally used only where large power is required, unless 
they happen to be made so as to be self-starting, then they are used 
in small sizes. 

A synchronous motor, when running, will keep in step with the 
current, no matter how much the load may vary, provided it is not 
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greater than the capacity of the machine. If the load is so great that 
the motor cannot carry it, the armature will be pulled out of step with 
the current and will immediately come to a stop. On this account, 
motors of the synchronous type are not well adapted to operate 
cranes or similar machines in which there is a liability of greatly 
overloading the machine occasionally. 

Reducing Lag of Current.—As stated elsewhere, the current. 
developed by an alternating current generator will lag behind the 
impressed e.m.f. as has been fully explained in the foregoing. If this 
current is passed through a second machine, which acts as a motor, 
the latter will tend to generate a current that flows in opposition to 
that of the generator; hence, in this current the lag will be in the 
opposite direction of that of the current that drivesit. Thatis, when 
the machine acts as a motor its whole action as a generator is reversed. 
Owing to this fact, if a synchronous motor is placed at one end of a 
circuit, and a generator at the other, the motor will act to naturalize 
the self-induction of the generator, and thus to bring the current 
in the circuit, and the impressed e.m.f. into phase with each other. 
Thus, a synchronous motor can be made to act in the same way as a 
condenser, to reduce the lag of the current. 

Power Factor.—In an alternating-current circuit, it is very impor- 
tant to reduce the lag of the current as far as possible because the 
actual amount of energy carried by the current depends upon the 
angle of lag, as was fully explained in connection with Figs. 61 to 63, 
Sec. XX. In a direct-current circuit the power is always equal to 
the product of the volts by the amperes, but in an alternating-current 
circuit this product is not a measure of the power. It is called the 
apparent power, or the volt-amperes. The actual power is equal to 
the amperes multiplied by the e.m.f. in phase with the current, or the 
active voltage, as it is called. The ratio between the true power and 
the volt-amperes is called the power factor. The power factor can 
be obtained by dividing the true power by the volt-amperes, and it 
may range from 100 per cent when the current and impressed e.m.f. 
are in phase down to 5 or 10 per cent when the angle of lag is nearly 
90 degrees. In actual working circuits the power factor ranges 
between 95 and 75 per cent. Any kind of device that has a low 
reactance, as, for example, incandescent lamps, acts to keep the 
angle of lag of the current small, and thus the power factor high. 
Devices having large reactance, such as transformers, and induction 
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motors act to increase the angle of lag of the current, and thus to 
reduce the power factor. 

Devices that develop a negative reactance, that is, which cause the 
current to lead the impressed e.m.f., such as condensers and synchro- 
nous motors, can be used in circuits in which transformers and similar 
devices are operated so as to counteract these and thereby keep up 
the power factor. : 

Induction Motors.—In addition to synchronous motors just 
explained, the only type of machine that requires notice here is the 
induction motor. This is by far the most extensively used of all 
alternating current motors, and from the manner in which it acts it 
has a greater range of adaptability than any other type. It may be 
well to mention here, however, that a plain motor, such as those used 
with direct currents, can be made to operate with alternating currents 
providing the field cores are made laminated, instead of solid castings. 
If the field is solid the motor will not run if connected in an alternat- 
ing-current circuit because the large mass of iron constituting the field 
cannot be magnetized and demagnetized as fast as the current 
alternates. If we take hold of a freight car and try to shake it we 
will fail in the effort, simply because the bulk is too great to be set 
in motion rapidly. If, however, we take hold of the side of a light - 
buggy and shake it we will be able to produce a very vigorous move- 
ment, simply because the bulk is light. In the same way, if we 
attempt to alternate the magnetic polarity of large masses of iron 
we fail because the bulk is too great, but if we divide the mass up 
into many thin sheets we will have no difficulty in causing its polarity 
to change rapidly. Alternating current motors of this kind which 
are called commutator motors, have been made, but they are not 
used or manufactured for commercial purposes at the present time, 
because they are far inferior to other types. They are open to two 
objections, one of which is that they spark considerably and the other 
is that they will not give much more than one-third the power that 
the same machine will develop if supplied with direct current. 
The reason why they give such small power is that on account of 
the many turns of wire on the field the inductive action is very 
great, hence the reactance is very high, and as a result the current 
lags excessively so that the power factor is very low, therefore, 
although the current is strong, the actual energy carried by it is 
comparatively small. Several other types of alternating-current 
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motors have been devised, but they have-never got beyond the 
experimental stage. 

Principle of the Induction Motor. ape miGtors are made for 
single and polyphase currents. When in operation the vrinciple of 
action is the same in all, but in the act of starting the-single-phase 
machine is different from the others. Single-phase inducticn motors 
will not start of their own accord unless provided with special starting. - 
arrangements. The most common way of arranging a single-phase 
induction motor so as to be self-starting is to provide a set of starting 
coils that virtually convert it into a two-phase machine in the act of 
starting. When the motor is under way, the starting coils are cut 
out, although in some cases they are left in circuit all the time. 

The principle of the induction motor can be explained by the aid 
of the diagrams Figs. 7 to 10. These diagrams illustrate the action 
in a two-phase machine, which is the one most easily understood. 
The single-phase induction motor is the most difficult one to explain 
or to understand, so we will leave it for the last. In an induction 
motor, the stationary part, which is called the stator, and sometimes 
the field, is provided with coils that are connected with the operating 
circuits. The rotating part, which is called the rotor, and sometimes 
the armature, is provided with coils that are short-circuited upon 
themselves and are not connected with the operating circuits. The 
principle of operation generally stated is that the currents in the 
stator develop an inductive action upon the coils of the rotor thus 
developing currents in these, the action being substantially the same 
as that in a transformer. On that account the stator is also called the 
primary member, while the rotor or armature is commonly called 
the secondary member. The primary currents passing through the 
coils of the stator, develop a magnetic flux and the secondary currents 
induced in the coils of the rotor also develop a magnetic flux, these 
two fluxes are at an angle with each other, and, hence, there is a 
strong attraction exerted between them, the magnetism of the rotor 
making an effort to place itself parallel with that of the stator. The 
magnetism of the stator rotates, on account of being developed by 
alternating currents, and the magnetism of the rotor in trying to 
place itself parallel with that of the stator also rotates, chasing the 
latter around the circle but never overtaking it. 

In Fig. 7 let AA represent two coils connected in one of the circuits 
of a two-phase system, and let BB represent two other coils con- 
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nected in the other circuit of this same system. Suppose we con- 
sider the instant of time when the current flowing through the AA 
coils is at its maximum value, then at this very same instant the 
current in the 2B coils will be zero. The current in the AA coils 
is then the only magnetizing current acting upon the ring at this 
instant. Suppose the direction of the current through AA is such 
_as to develop a magnetic flux that will traverse the space in the center 
of the ring in the direction of arrow C. As the current in the AA 
coils begins to decrease, that flowing in the BB coils will begin to 


Fies. 7 and 8.—Principle of induction motors. 


increase. Let the direction of the current in the BB coils be such 
as to send a magnetic flux through the center of the ring in the 
direction of arrow C in Fig. 9. 

This magnetization will act upon that developed by the current in 
the AA coils and will have a tendency to twist it around into the 
direction of arrow C in Fig. 8. When the current in the AA coils 
has reduced and the current in the BB coils has increased until 
they are both equal, then each one will act with equal force to estab- 
lish a magnetization in its own direction, and the result will be that 
the actual direction of the magnetic flux will be as indicated by 
arrow C' in Fig. 8. Thus we see that by the decrease in the strength 
of the current in the AA coils and the increase in the strength of the 
current in the BB coils until they are both equal, the magnetic flux | 
has been rotated from the position of arrow C in Fig. 7 to its position 
in Fig. 8... Now as the variation in the currents progresses, and that 
in AA becomes weaker, while that in BB becomes stronger, the direc- 
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- tion of the magnetic flux will be still further rotated so that when the 


current in BB reaches the maximum value, and that in AA becomes 
zero, the direction of the flux will be that of arrow C in Fig. 9. As 
we advance beyond this instant of time, the current in BB will begin 
to reduce, while that in AA will begin to increase, but its direction 
will be the opposite of what it was in Fig. 7, so that when the currents 
in the two sets of coils become equal again, the direction of the mag- 
netic flux will be that of arrow C in Fig. 10. When the current in 
the AA coils reaches the maximum and that in BB becomes zero, 


Fries. 9 and 10.—Operation of the induction motor. 


the flux will have rotated through one-half of a revolution and 
arrow C will be in the vertical position but pointing downward. 
Induction Motor Currents.—If we follow the action of the currents 
further we will find that as a result of the continuous increasing and 
decreasing and changing of direction, the magnetic flux indicated by 
arrow C will continuously rotate keeping time with the frequency of 
the currents. Now if wesuppose that an armature upon which a num- 
ber of coils are, wound in a diametrical position, is placed within 
the field ring, and is held stationary, we will see at once that the 
rotating magnetic flux will cut through its coils and develop e.m.fs. 
in them. The currents developed in these coils on the stationary 
armature willbe alternating, hence, they will develop a magnetic flux 
in the armature that will rotate, and keep time with the rotating 
flux developed by the field coils. Both these fluxes act inductively 
upon the field and armature coils, their combined effect being equal 
to that of a single flux located 90 deg. in advance of the e.m.f, 
induced in the armature coils, hence, somewhat more than 90 deg. 
ahead of the armature current. If we hold the armature by means 
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of a brake, and free this slightly, so the armature may revolve 
slowly, it will at once follow around after the rotating field, but as 
its magnetization is developed by currents induced by action of the 
field magnetism, it will matter little how fast the armature may 
revolve, its magnetization will never be able to overtake that of 
the field. 

Induction Motor Not Synchronous.—As seen from the foregoing, 
an induction motor is not a synchronous machine, and its armature 
can never attain a velocity equal to that of the rotating field. If the 
resistance of the armature coils is made very low, it may reach a 
velocity very near to that of the rotating flux. The difference 
between the velocity of the rotating flux and that of the rotating 
armature is called the slip of the motor. 

Constant Speed Alternating Motor.—If the motor is designed for 
constant speed, the resistance of the armature coils is made very low, 
and then when the machine is running free, the speed of the armature 
may run up to 99 or 9914 per cent of the speed of the rotating field, 
and when the maximum load is put on it may not drop lower than 
94 or 95 per cent. If a motor is designed in this way the pull of the 
armature when it starts up will be small and will gradually increase 
until the speed is about nine-tenths of the maximum when it will 
again begin to decrease. 

Alternating Current Motor Starting Torque.—In order to make a 
motor that will give a strong pull when it starts up, its armature coils 
must have more resistance, and then it will pull harder on the start, 
but as fast as the speed builds up the pull will reduce. From this it 
will be seen that induction motors that are made so as to run at 
nearly a constant speed, say to vary 5 or 6 per cent between full load 
and running free, will not give a strong pull in the act of starting, 
hence they will have to be started without aload. If a motor is to be 
made to start under a full load it must be proportioned so that it 
will not run at a constant speed, but will gradually reduce its velocity 
as the load is increased. 

Induction motors, if very small, are started by connecting them 
directly with the operating circuits, but if they are of any capacity 
they must be provided with some kind of starting resistance so as to 
keep the starting current down within safe limits. One way of start- 
ing is to introduce resistance into the primary circuits, but this results 
in reducing the strength of the field, and thus the pull of the armature. 
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Another way is to introduce resistance into the armature coil circuit. 
This is the best method, because it enables the motor to start up with 
a strong pull. - 

Three-phase induction motors act in precisely the same way as the 
two-phase, the only difference being that the rotation of the field flux 
is produced by the increase and decrease in the strength of three 
currents flowing through three sets of coils equally spaced around the 
circle instead of by the increase and decrease in two currents flowing 
in two sets of coils equally spaced around the circle. 

In the single-phase induction motor, the magnetic flux developed 
by the single alternating current traversing a single set of coils on 
the field combines with the magnetic flux developed by the armature 
current, to develop a rotating field and this acting upon the armature 
coils produces rotation in precisely the same way as in the two-phase 
machine. This is the action that takes place after the armature is 
set in motion, but if the load is increased and the armature speed is 
reduced the rotating field begins to become irregular, and by the time 
the armature velocity is reduced to about one-half, the rotating flux 
becomes so irregular in its movement, that the armature pull begins 
to reduce very rapidly, and the machine comes to astandstill. Owing 
to this fact single-phase induction motors cannot be used in cases 
where it is desired to start with a strong pull, or where a wide range 
of speed variation is desired. 

Self-starting, single-phase induction motor requires to be wound 
with two sets of coils, as in Figs. 7 to 10 and current from the single- 
phase circuit is passed through these two sets of coils in parallel 
branches, and in one of the branches the reactance is greatly increased, 
so as to make currents in this branch lag much more than in the other. 
In this way a phase displacement is obtained between the two 
currents, and this produces a corresponding displacement in the 
magnetic fluxes developed by the two sets of coils, so that their 
combined action develops a rotating field. This field does not 
rotate at a uniform rate, like the field of a two-phase motor, but it is 
uniform enough for the purpose of setting the machine in motion. 
To increase the reactance in the auxiliary starting coils, all that is 
necessary is to wind them with many turns of fine wire, and this is an 
arrangement very commonly employed, but, in some cases, separate 
coils are placed in the auxiliary circuit to obtain the required 


reactance. 
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There are other ways in which single-phase induction motors are 
made self-starting, but they are not very extensively used. 

Objections to Induction Motors.—While they are very satisfactory 
machines, being adapted to every kind of work, even to the operation 
of railway cars, they have the objection of being highly inductive 
devices that act to increase greatly lag of current, and thereby to 
reduce the power factor. On this account they are often used in 
connection with synchronous motors so the latter may counteract 
their inductive effect, and thus keep the power factor high. 
_ Rotary Transformers and Converters.—A rotary transformer 
is a machine by means of which direct current may be obtained from 
an alternating current. A rotary converter is a machine for accom- 
plishing the same result. The essential difference between the two 
is that the first is driven by alternating current and generates direct 
current, while the second changes alternating into direct current. 
The rotary transformer can be used to obtain direct current of any 
desired voltage from an alternating current of any given voltage; but 
in the rotary converter, as the action is to convert the alternating into 
a continuous current, the voltage relation is fixed so that for a given 
alternating-current voltage we will get a corresponding direct-current 
voltage. Both these machines can be used in the reverse order, that 
is to transform or convert a direct into an alternating current. 

Principle of the Rotary Transformer.—The principle of the rotary 
transformer is illustrated in Fig. 11. In this diagram A represents a 


Fig. 11.—Principle of rotary transformers. 


direct current armature, and B is an alternating-current armature. 
If both these are provided with suitable magnetic fields then if direct 
current is passed through A it will become a motor and will drive B 
and generate therein a single alternating current or a number of them 
according to the way in which the armature is wound. Thus B may 
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‘become a single or a polyphase generator. If can further be seen 
that the voltage generated by B is in no way connected with the 
voltage of the current that drives A, and depends wholly upon the 
way in which B is wound. If B is connected with an alternating- 
current circuit, then it will run as a synchronous motor and drive A 
and the latter will generate a direct current. This machine if driven 
by a direct current will be self-starting, but if driven by an alternating 
current it will have to be started. If driven by an alternating current 
its speed will be controlled by the frequency of the current, but if 
driven by a direct current its speed will vary with the magnitude of 
the load placed upon it. 

Figures 12 and 18 illustrate the principle of operation and the 
construction of a rotary converter. The armature A is of the direct 


Fries. 12 and 13.—Principle of the rotary converter. 


current type, having a commutator C. If it is a two-pole machine, 
then if wires are connected with diametrically opposite segments of 
the commutator as is indicated in Fig. 14 by the arrows, and these 
are connected with the collector rings aa, brushes cc placed on these 
rings, will take of a true alternating current if the armature is placed 
in a suitable field and is driven. While alternating current can be 
taken from the brushes cc, a direct current can also be taken from the 
brushes bb, which bear upon the commutatorC. Thus, this machine, 
if driven, becomes a combination generator which will deliver direct 
and alternating current at the same time. Machines of this type 
are constructed and are called double-current generators. 

If the brushes cc are connected with a single-phase eircuit, and the 
armature is placed in a suitable field, it will rotate and from bb brushes 
of the commutator a direct current can be drawn. If the brushes bb 
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are connected with a direct-current circuit, an alternating current 
will be delivered through the brushes cc. - 

If four wires are connected with four commutator segments one 
quarter of the circumference apart, and these are connected with 
four collector rings, then from these rings two alternating currents 
90 deg. out of phase can be obtained. Thus, with four connections 
with the commutator segments the machine can convert two-phase 
currents into one direct current, or one direct current into two-phase 
currents, that is into two alternating currents 90 deg. out of phase. 

If wires are connected with three commutator segments one-third 
of the circumference apart, and these are connected with three 
collector rings, then the machine will become a three-phase converter, 
and if connected with a three-phase system will deliver one direct 
current or if connected with a direct-current circuit will deliver the 
three currents of a three-phase system. 

The rotary converter, as will be seen from the foregoing, actually 
changes a direct current into one or more alternating currents, or 
one or more alternating currents into one direct current, and in every 
case there is a direct electrical connection between the continuous 
and the alternating current circuits. As this type of machine simply 
converts the current of one type into current of the other type it is 
quite evident that there must be a fixed relation between the strength 
of the alternating and direct currents and also between the voltages. 
An alternating current if of the sine type, will have an effective value 
of 70.7 per cent of its maximum value, for the amperes as well as the 
volts. So that if we have a direct current of 70.7 amp. and 70.7 
volts, we must have an alternating current of 100 amp. maximum 
value and 100 volts maximum value to be equal to it, and if the energy 
is also to be equal, the current in the alternating-current circuit must 
be in phase with its e.m.f. that is the power factor must be 100. 

In a rotary converter the voltage of the direct current is equal to 
the maximum voltage of the alternating current and the strength of 
the direct current is equal to one-half the maximum strength of the 
alternating current. Thus if the maximum voltage of the alternating 
current is 1,000 volts, the voltage of the direct current will be 1,000, 
and if the maximum strength of the alternating current is 100 amp. 
the strength of the direct current will be 50 amp. This arises from 
the fact that the rotary converter does not develop energy, as it 
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- drives itself, hence, the energy in the direct current cannot be more 
than that in the alternating, in fact it will be a trifle less owing to the 
energy absorbed in driving the machine. Now if the alternating 
e.m.f. and current have the maximum values of 1,000 volts and 
100 amp., their effective values will be 707 volts and 70.7 amp., and 
the product of these two will be the energy in watts. Thus 707 X 
70.7 = 50,000 watts. Now if the voltage of the direct current is 
1,000, its strength must be 50 amp., less the amount absorbed in 
overcoming the friction of the machine. 

Alternating Current Distribution—The principal advantage of 
alternating over direct currents is that they can be used for trans- 
mitting energy to much greater distances, owing to the fact that a 
high voltage can be used to transmit the main current over the wire, 


Via. 14.—Arrangement of three-phase systems. 


and at the receiving end this current can be passed through trans- 
formers, from which secondary currents of low voltage may be 
obtained. 

In a few instances, low voltage alternating currents are used for 
distributing current over small areas. The general arrangement of 
circuits and apparatus for a three-phase system of this kind is illus- 
trated in the diagram Fig. 14. 

The generator is shown at the extreme left. At A an induction 
motor is connected with the circuit. At B an ‘‘arc”’ light is con- 
nected in the secondary circuit of a small transformer. At C a 
number of incandescent lamps are connected. At D the circuit is 
used to drive a rotary transformer, which develops direct current to 
charge storage batteries at H. The three solid line wires constitute 
the main circuit and all the apparatus is connected with them. The 
broken line above these is the neutral wire and’is connected with the 
incandescent lamps only. 

If the number of lamps in each circuit is the same, as is shown, no 
current will pass to the neutral wire, but if in one of the circuits there 
are more lamps than in the other, the excess of current will pass to or 


810 TULLEY’S HANDBOOK 


from the neutral wire. Systems of this type are operated at voltages 
ranging between 200 and 600. 

Figure 15, shows the way in which the circuits are arranged when 
the distance of transmission is 1 to 4 miles. For such cases, the 
voltage generally used is 2,300. The generator at the left develops 
current that passes directly to the main line. At A an induction 
motor is connected directly to the main line. At B transformers are 
used to develop secondary currents of low voltage to supply the circuit 


Fre. 15.—Arrangement of 4-mile transmission. 


wires C, from which the motor D and incandescent lamps FH are fed. 
At F, a series transformer is used to develop secondary current of 
constant strength to operate the arc lamps G. The difference 
between a series transformer and the ordinary type is that the former 
is provided with a mechanical regulator, actuated by the current 
which maintains the secondary current of constant strength and 
varies the voltage in accordance with the number of lamps in service. 
At H another set of transformers is used to develop low voltage 


Fig. 16.—Long-distance transmission. 


secondary currents, which pass through a rotary converter J, and are 
converted into direct current to feed the incandescent lamps at J. 
Figure 16 illustrates the arrangement of circuits and apparatus for 
long distance transmission, which may range from 5 or 6 miles to 100 
or more. To transmit current to great distances with small loss in 
the transmission lines, it is necessary to use very high voltages, 
ranging from 10,000 to 220,000, and as it is not advisable to construct 
generators to develop such high pressures, step-up transformers are 
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employed to develop the line current. These transformers are 
shown in Fig. 16 at A. The generator develops current at 1,000 
volts, and this passing through the primary coils of the transformers 
at A induces secondary currents which may have any voltage desired, 
say, 20,000. These secondary currents pass to the transmission lines 
B B, which may extend a distance of 10, 20 or more miles and 
may deliver all their energy at the end of the line or drop part of it at 
intermediate points. 

The transformers at C and also those at L develop secondary cur- 
rents of any lower voltage that may be required; thus, those at C 
develop secondary currents for the circuits D, which may be of, say, 
1,000 volts. The motor # is shown connected directly with D, but 
motor G and lamps J, K require still lower voltage, hence the currents 
in D are passed through a second set of transformers at F, H and J. 
The three transformers at L develop secondary currents of sufficiently 
low voltage to be passed through the rotary converter M, and thus 
provide direct current for the trolley road as shown. 
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Lighting Equipment.—By far the commonest lamp for electric 
lighting is now the incandescent lamp. For many particular cases 
the mercury vapor lamp is employed and the arc lamp is still used 
in certain conditions. 

Incandescent lamps are used in most cases for all kinds of lighting. 
They are made gas filled in the larger sizes and with a vacuum in the 
smaller sizes. The gas is usually nitrogen which does not combine 
freely with the tungsten of the filament at high temperatures. Where 
a lamp is subjected to jarring and vibration a “mill type” lamp 
should be employed. In this lamp the filament is specially supported 
to prevent breakage. This lamp, however, has a lower efficiency 
than the ordinary gas-filled lamp. 

Incandescent lamps are made for connection in parallel across lines 
having voltages up to 220. Thisisthe commontype. They are also 
made for operation in series for street lighting. These lamps usually 
operate at a constant current of 6.6 amp. supplied by a constant 
current transformer which will be described later. 

There is a tendency towards spacing lamps so that they will give 
what is called a general illumination in a factory or other building. 
This may be modified sometimes by slight shifts of certain lamps to 
concentrate more light on particular locations. Also there are 
certain places which require local lights such as over a lathe or other 
machine. Another means of illumination is by floodlights which are 
mounted at a distance from the space to be lighted. These flood- 
lights have reflectors so shaped that they concentrate the light in the 
locations where it is desired. 

Reflectors are made in many shapes but for general illumination of 
factories, etc, the R. L. M. dome is widely used. Another popular 
form of reflector is the prismatic glass type. This reflector has a 
smooth interior while its top surface is formed into many small prisms. 
These reflect most of the light in the desirable direction underneath. 
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Cleaning of incandescent lamps should be done at regular intervals 
because their efficiency is greatly lessened by the presence of dirt. 
The periods between cleaning will vary in length according to the 
condition of the atmosphere in which they are located. The amount 
of dust, smoke and vapors will determine the rapidity with which 
they become dirty. 

Mercury vapor lamps give a bluish or greenish light. They are 
said to be especially suitable for lighting such work as engraving, 
drafting, etc. A mercury vapor lamp consists of a quartz tube con- 
taining a small amount of mercury. This is in the liquid state when 
the lamp is not operating. To start the lamp into operation the tube 
is tipped to a horizontal position so that the mercury makes contact 
with the two electrodes in opposite sides of the tube. This allows 
current to pass through the mercury, part of which is vaporized by 
the current. The tube is then allowed to swing back to its normal 
position which is slightly out of horizontal. The current continues 
to flow through the mercury vapor which then gives off its peculiar 
light. 

Arc lamps are now used only for street lights and in buildings with 
very high ceilings such as foundries, rolling mills, ete. 

How to Trim Lamps.—In trimming, or renewing the carbons in 
a lamp, care should be taken that the upper carbon is pushed up 
as far as it will go, so as to make a good contact with the holder. 
To facilitate this operation it is best to use carbons with a tapering 
end. 

Be sure the carbon slides freely through the clutch and the metal 
cap of the enclosing globe. 

Remove the dust from around the gas check and see that the 
mechanism all works freely. If this is not done, the lamp will not 
burn well, and will probably lengthen the arc and thus shorten the 
life of the carbon. 

Never put oil in the dash pot, it is made to work dry. 

To secure a good light the inner enclosing globe should be cleaned 
every time new carbons are put in, so as to remove the coating 
deposited by the gas from the arc. In large stations it is the custom, 
generally, to provide duplicate lower carbon holders, and these are 
trimmed and secured to the globe and are then placed in baskets 
provided with partitions to receive them. They are carried by the 
trimmers in a wagon and then in trimming the lamps the old globe 
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with the lower carbon holder is replaced by the new one. This saves 
the trouble of cleaning the globe and inserting the lower carbon at 
the lamp. 

That the life of the carbons may be long, the enclosing globe must 
be fitted perfectly tight; if air gets in the carbons will soon burn out. 
The edge of the globe should be well examined every time the lamp 
is trimmed to make sure that there are no pieces nicked out, and 
that the globe comes down properly to the seat, and makes a tight 
joint. Never try to burn an enclosed are lamp with the enclosing 
globe removed. Keep all the electrical contacts tight. 

Be sure that the dash pots always work freely. 

Make sure the upper carbon does not bind. 

Lamps should be suspended from a strong support. 

The clutch should work smoothly and reliably. 

Use no crooked, rough, dirty or inferior carbons. 

Always have top carbon positive. If you do not know whether 
it is positive or not, light the lamp for a few minutes, then put it out 
and the top carbon will remain hot longer than the lower one, if it 
is positive. 

Do not use any inner globes that are cracked, nicked or do not fit 
tightly against their seats. 

Use no oil on any part of the lamp where it can possibly get on the 
carbons, as this will cause flickering and flaming. 

Keep under side of gas cap clean and bright by wiping at each 
trimming. The bright metal attracts the gases and prevents their 
depositing on the globe. 

Occasionally remove the casing that encloses the mechanism and 
inspect the parts carefully for possible faults. 

Keep the space between carbon bushings in the gas cap clean and 
free from dust. 

Renew the bushings whenever they show much wear, as increase 
in#he diameter of the hole permits more air to enter the globe 
around the carbon and shortens the life of the carbons. 

Be sure to wipe inner globes clean at each trimming so as to prevent 
deposits from forming. Should deposits form that cannot be wiped 
off, they can be removed with a weak solution of muriatic acid. 

Never run alternating-current lamps on the wrong frequency. 
Many alternating lamps are made to run on different frequencies 
by slightly changing the connections. For information as to how 
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to make these changes see instruction books of the makers of the 
lamp. 

Installing Arc Lamps.—Lamps should not only be installed in 
places where they will distribute light over the greatest possible area, 
but also where they are easily accessible when it is desired to trim or 
inspect them. 

For indoor lighting the inner globe should be ground glass or 
opal, the outer one clear glass. For outdoor lighting metal reflectors 
are commonly used, but no reflector is used with indoor lamps. 

Distributing Circuit Control.—Various devices required for control 
of distributing circuits and current therein are shown by Fig. 1. 


RB 


; 


Fig. 1.—Ciruit control .instruments. 


The generator is shown at M, and at ¢ the field regulator is placed, 
and is connected with one of the generator armature terminals and 
with one end of the shunt coil by means of wiresdd. The wires cc run 
from the generator terminals to the voltmeter V, and thus enable us 
to see what the voltage is at all times. Wires a and b convey the 
current to the external circuit, with which they can be connected or 
disconnected by means of switches ss ss. At A an ammeter is placed 
which indicates the strength of current in amperes. The amméter 
can be placed in either a or b, as the same strength current flows in 
both. At ff safety fuses are provided, so as to open the circuit in 
case the current becomes so strong as to be capable of overheating the 
generator wire. 

If one of the line wires runs out into the open air, and is carried along 
on tall poles for a considerable distance, it is necessary to provide a 
lightning arrester, as shown at h, connected with the ground as at g. 

52 
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If both lines run into the open air, the arresters must be placed in both; 
and if both are confined to the interior of a building, no arresters will 
be required. From the points mm, branch circuits may be run in 
as many directions as necessary, and by switches ss, these can be 
connected or disconnected from the main line as desired. 
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Fic. 2.—Switchboard arrangement. 


This crude arrangement would enable us to operate the system 
successfully, but it would not be so convenient as a more methodical 
grouping of the several devices and instruments. It represents the 
way things were done in the early days of electric lighting, but at the 
present time, instead of having the several parts scattered about in a 
helter-skelter fashion, they are all assembled upon a large panel, 
which is called a switchboard. Fig. 2 gives the general arrangement 
of wiring and location of devices for a simple board arranged for one 
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generator feeding into five external circuits. The ammeter and volt- 
meter are placed at the top of the board, and directly under these are 
arranged five switches, s, which control the external circuits. One of 
these circuits is indicated by the lines np, ff, being safety fuses. 
The wires 77 convey the main current from the generator to a circuit 
. breaker D, which is simply a switch that is constructed so that it will 
open automatically when the current becomes too strong. From the 
circuit breaker, the current passes through wires a and b to the main: 
switch F’, and by wire c, it runs from here to the ammeter A and from 
the latter by wire d to a rod 1 which is called a busbar. The upper 
side of the main switch is connected directly with bus 2. The 
voltmeter is connected with two busses by the wires ee. The 
field regulator is located back of the board at R, and is connected in 
the shunt coil circuit by means of wires hh. The switch of the regu- 
lator R is connected with a hand-wheel on the front of the switch- 
board, so that the attendant can watch the voltmeter as he turns the 
wheel and thus see just what effect the movement is producing on 
the voltage. 

In addition to the devices shown in Fig. 2, we can, if desired, pro- 
vide a recording ammeter, a recording voltmeter and a wattmeter; 
the first two would give us a record of the amperes and volts for a 
certain length of time, generally 24 hr., and the last one would 
register the amount of electrical energy. We could also provide 
ammeters for each one of the distributing circuits, so as to know the 
strength of current in each one. 

Switchboard for several generators of the shunt wound type will 
require few changes from the scheme shown by Fig. 2, except to 
provide another regulator, main switch and circuit breaker for the 
additional machine. This arrangement of board is suitable for a 
single compound-wound generator, or any number of shunt-wound 
machines, but if we have two or more compound generators, the 
connections between these and the busbars will have to be some- 
what modified. 

The modifications required in a switchboard for two or more 
compound generators can be made clear by the aid of Figs. 3 and 4. 
In the first figure, we can see that if the current returning from the 
main line through n, divides into wires a and 8, it will remain divided 
until it passes through the armatures and the F coils of the two 
machines, and thence through wires ee, it will reunite again in wire p. 
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In Fig. 4, the two parts of the current will flow through wires dd 
to the single wire e, and then divide into wires ff, and thus reach the 
coils FF, and, finally, through wires hh, reach p. In Fig. 3, if the - 
right side armature generates more current than the other one, 


Fia. 4.—Equalizing connections for compound generators. 


the F coil of that generator will be traversed by the strongest current, 
for in each machine the strength of current in the armature and the F 
coil will be nearly the same. 

If the right side machine generates the strongest current, it is 
because its voltage is the highest, but the fact that its F coil will be 
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traversed by the strongest current will make its voltage still higher, 
thus increasing the difficulty. In Fig. 4, the current flowing through 
. the two F coils will be the same, no matter how much the armature 
currents may differ, for these come together in wire e, and passing 
from this to the F coils, the current will divide into equal amounts. 
The effect of adding the wires dd, e and ff, Fig. 4 is to equalize the 
currents that flow through the F coils, and thus prevent, as far as 
possible, the unequal action of the generators. 
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Fig. 5.—Switchboard for two compound generators. 


Compound Generator, Equalizing Connections.—When two or 
more compound generators are connected so as to feed into the same 
general circuit, the connections are made in accordance with Fig. 4. 
Fig. 5 illustrates a switchboard for two compound generators, and, 
as will be noticed, the most striking difference between it and Fig. 
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2, is that there are three busbars instead of two. One of these busses 
is called the equalizer, and it takes the place of wires dd, e and ff in 
Fig. 4. The equalizing connections run from generator wires f to 
the main switches S, and thence to bus 1. 

Wires of the generators, run to one side of the circuit breakers DE, 
thence to the middle blades of the S switches, and from these to the 
bus 2. The generator wires run to the outside blades of the circuit 
breakers, to ammeters AA, thence to bus 3. The voltmeters are 
connected with wires / and f, and thus indicate the e.m.f. of the gen- 
erators. If another generator were added, it would be connected 
with the busbars in the same way. 

In starting two or more compound-wound generators, one machine 
is started first, and then the second is run up to full speed, and its 
voltage is adjusted by means of the regulator R, so as to be the same 
as that of the machine that is running. When the voltages of the 
two machines are equal, the main switch of the second machine is 
closed so as to connect it with the busbars. This action will gen- 
erally make a slight change in the voltage of the second machine, 
causing it to run up or down a trifle; and as a result by looking at the 
ammeters, we will find that it is taking more or less than its share of 
the load. If such is the case, we manipulate the regulator R, until 
the loads are properly divided. Whether the voltage of the second 
machine will rise or fall after it is connected with the busbars, will 
depend upon the extent to which it is compounded; if slightly com- 
pounded, the voltage will drop, and if heavily compounded, it will rise. 

Three-wire Distribution——The switchboards shown above are 
adapted to what is called the two-wire system of distribution, but in 
cases where it is desired to transmit the current to a considerable 
distance, without using extra large wire, the three-wire system of 
distribution is employed as shown by Figs. 6 to 8. 

In two generators as at GG, let the direction of the current through 
both be from bottom to the top; it is evident, if we remove the middle 
wire O, the lower machine will deliver current into the upper one, and 
if each generator develops an e.m.f. of 115 volts, the combined e.m.f. 
will be 230 volts, and this will be the pressure between the bottom 
and top wires; but the voltage between either wire and the center 
one will only be 115. 

Suppose a number of lamps connected between wire P and O, and 
an equal number of lamps between O and N, as shown in Fig. 6; 
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then the same amount of current will flow through both sets, and 
a consequence, all the current that passes from the upper generator 
into wire P will go directly through both sets of lamps to the 
lower wire N,; and thus return to the lower side of the bottom 
generator. 

Under these conditions, the lamps will be acted upon by 115 
volts each, but the current will be driven through the circuit by a 


Fies. 6, 7 and 8.—Three-wire distribution. 


voltage of 230. If the voltage is doubled, four times the number 
of lamps can be supplied by the same size wires; hence, the cost 
of wire per lamp will be reduced to one-fourth. Suppose, that 
instead of having the lamps equally divided as in Fig. 6, they are 
arranged as in Fig. 7; then since the current fed into the system from 
the upper wire P is only sufficient for five lamps, while there are seven 
lamps in the lower section, it follows that through wire O a current 
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sufficient for two lamps must be supplied. The way in which the 
currents would flow in this case is clearly indicated by the arrows. 

In Fig. 6, it will be seen that if we removed the middle wire, the 
lamps would not be affected, for none of the current comes through 
it; but in Fig. 7, if we cut the middle wire, two of the lower lamps 
would be unprovided for. From this it will be seen that the object 
of the middle wire is simply to provide the extra current required for 
the side that carries the largest number of lamps. If the lights are 
so arranged that on both sides of the central wire O the number is 
practically the same at all times, the center wire can be made very 
small, but such perfect balance cannot be obtained always, and on 
that account, the center, or neutral wire, as it is called, is made of the 
same size as the others, except in large systems, in which it is some- 
times not more than one-third the size. 

As motors require large amounts of current, they are nearly always 
made to operate with a voltage of 230, and are connected with the 
outside wires of the system, as is shown in Fig. 8, in which aaaa and 
cccc indicate lamps connected between the sides and the neutral wire, 
and ABC are motors connected across the outside lines. 

When a switchboard is arranged for two generators connected to 
a three-wire system, we use three busbars, just as in Fig. 2, but dis- 
card the equalizing connection, and connect the generators with the 
busses in the same way as they are connected with wires N O and P 
in Figs. 6 to 8. If we have a number of generators feeding into the 
three-wire system, then connect each set with an equalizer bus; that 
is, provide two sets of busses, and the P and N busses of these two 
sets we connect. with a third set in the upper order for the three- 
wire system, and from the latter busses, the external circuits are fed. 

Run Circuits Systematically.— When it is desired to install lighting 
and power circuits in a large building, the wires may be run in almost 
any way, providing connections are made with lamps and motors, 
but if we adopt a systematic arrangement it will require less labor 
to operate the plant, and when anything goes wrong we will be able to 
locate the difficulty with much less trouble and in less time. The best 
way to accomplish this is by the use of small switchboards located 
at different points in the building; these becoming centers of distribu- 
tion, from which all the lamps are supplied. The general arrange- 
ment of such a system can be understood from Fig. 9, in which B 
represents the main switchboard, located in the engine room, and 
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eee the several floors upon which the lights are located. From the 
main switchboard we run up four lines, one to each floor, and locate 
secondary boards at CC and DDD. We can also run out lines 
directly from the board to the lamp circuits as at cccc. From the 
boards CC, we run circuits to smaller boards, as shown at H, F, A, A, 
A, and bbb. From each one of these small boards we can run out 
circuits to the lamps. 


Fie, 9.—Light and power circuits. 


Size of Wire for Distribution Circuits.—In determining the size of 
wire to use on circuits the table of the National Electrical Code 
(the first Table in this section) should be followed. The wire which 
will carry the required amperes should be used and each circuit should 
be protected by fuses of the same current rating as the conductors. 
If a fuse of the exact rating cannot be had, the next higher standard 
fuse should be employed. There is one case in which smaller rubber 
covered wire may be used than that specified in the table. This is 
the case of an alternating-current motor which in starting draws 
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a heavy current. In this case if the motor on starting draws for 
instance 100 amp. according to the table we should use No. 1 rubber- 
covered wire. As a matter of fact, however, in this case the Code 
allows the use of No. 3 which is the size of wire with ‘‘other insulation” 
that is specified by the table. This means that No. 3 rubber-covered 
may be used. The Code states that the starting current of squirrel 
cage induction motors started under light load with compensators or 
autotransformers should be taken as 250 per cent of full load current 
if the full load current is not over 30 amp. If the full load current is 
over 30 amp. the starting current is taken as 200 per cent of full 
load current. Motors of 5 hp. or under which are started by throw- 
ing directly on the line may take 300 per cent of full load current or 
more when starting. The sizes of conductors, fuses and conduit to 
use with motors are given in the tables on the next few pages. 

Voltage Drop in Circuits—When current is drawn through a cir- 
cuit the resistance of the circuit consumes part of the energy causing 
the voltage to be less at the receiving end than at the starting end. 
The difference between the two voltages is called the voltage drop. 
The wires must be so large that this voltage drop will not be too great. 
Motors should not operate at a voltage less than about 95 per cent of 
that for which they are rated. Two or three per cent drop reduces 
the efficiencies of lamps considerably. 

In order to determine the size of wires to use for certain voltage 
drops at different loads the following formulas may be used. 

(A) For direct current, single-phase current and two-phase current: 

Feet X 2 < 10.7 X amperes 

Voltage drop 
nating current the value 10.7 holds exactly only at 100 per cent power 
factor. For lower power factors the value will be reduced about in 
proportion to the power factor.) 

(B) For three-phase current: 

Feet X 1.73 < 10.7 X amperes 

Voltage drop 
formula A.) 

In these formulas the constant 10.7 has been used. This is the 
number of circular mils in a copper wire which has a resistance 
of 1 ohm for 1 ft. of length. The formulas were developed as 
follows: To determine the size of wire necessary for carrying a given 
direct current a given distance in feet, multiply the number of feet 


= Circular mils. (Note: For alter- 


= Circular mils. (See note in 
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by 2 to obtain the actual length of circuit, multiply this product by 
the constant 10.7 and it will give the circular mils necessary for 1 
ohm resistance, multiply this by the amperes and it gives the circular 
mils necessary for the loss of 1 volt. Divide this last result by the 
volts lost and it gives the circular mils necessary. For three-phase 
circuits substitute the value 1.73 for 2'as in formula B. 

By simply transposing the terms we obtain formulas C, D, E and F. 
Formulas C and E give the voltage drop when the distance, the wire . 
size and the current are known. Likewise knowing the wire size, 
the voltage drop and the feet, formulas D and F may be used to 
find the current. 

For direct current, single-phase current and two-phase current. 


2 ‘ 
(C) sas ome eee Voltage drop. (See note in 


formula A.) 


Circular mils X Voltage drop 
a Feet X 2 X10.7 = Amperes. (See note in 


formula A.) 
For three-phase current: 
Feet X 1.73 X 10.7 X Amperes 


(2) Circular Mils ~ = Voltage drop. (See note 
in formula A.) 

Circular mils X Voltage drop 
(F) Feet X 1.73 X 10.7 = Amperes. (See note in 


formula A.) 

On long alternating-current circuits, such as transmission and 

outside distribution lines, these formulas do not hold true. In 

such circuits the results of mutual inductance and condenser action 

will often change the voltage drop considerably. In fact on very 

long transmission lines the voltage is often higher at the receiving 
end than at the sending station. 
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ALLOWABLE CARRYING CAPACITIES OF WIRES 
Taken from National Electrical Code 


Diameter feosiee ks Table A Lota d Table C 
B. & S. of solid : Rubber Other 
: circular ‘ 5 cloth eaters 
gage _ Wires eas insulation insulation | 2sul@ jon 
in mils* amperes amperes 
amperest 
18 40.3 1,624 3 Neale Sees 5 
16 50.8 2,583 CaP Aral ge SOS aia 10 
14 64.1 4,107 15 18 20 
12 80.8 6,530 20 25 25 
10 101.9 10,380 25 30 30 
8 128.5 16,510 3o 40 50 
6 162.0 26,250 50 60 70 
5 181.9 33,100 55 65 80 
4 204.3 41,740 70 85 90 
3 229.4 52,630 80 95 100 
2 25766 66,370 90 110 125 
1 289.3 83,690 100 120 150 
0 325.0 105,500 125 150 200 
00 364.8 133,100 150 180 225 
000 409.6 167,800 175 210 275 
200,000 200 240 300 
0000 460.0 211,600 225 270 B20 
250,000 250 300 350 
300,000 275 330 400 
350,000 300 360 450 
400,000 325 390 500 
500,000 400 480 600 
600,000 450 540 680 
700,000 500 600 760 
800,000 550 660 840 
900,000 600 720 920 
1,000,000 650 780 1,000 
1,100,000 690 830 1,080 
1,200,000 730 880 1,150 
1,300,000 770 920 1,220 
1,400,000 810 970 1,290 
1,500,000 850 1,020 1,360 
1,600,000 890 1,070 1,430 
1,700,000 930 120; 1,490 
1,800,000 970 1,160 1,550 
1,900,000 1,010 1,210 1,610 
2,000,000 1,050 1,260 1,670 


*1 mil = 0.001 in. 
{ Varnished cloth insulated wires smaller than No. 6 may be used only by 
special permission. 
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CARRYING CAPACITY OF AND NUMBER OF STRANDS IN CABLES 
Taken from National Electrical Code 


Sevan Caio Allowable carrying capacities 
in amperes 

Ms M 3 ° © § n & 5 8 S 

eee I 32 Area in aye. cage Ones eee 
Ce mer . & cir. mils es 5 255 2eos se oe 
Zi ~ re os} 8 (3) S n Sar SO a 
Se Ks) FGA OS weal aa 
Ui PS 22 4,490 0.075 15 18 20 
“fe 32 20 7,150 0.096 20 25 25 
7/ 40 18 11,370 0.120 25 30 35 
7/ 51 16 18.080 07153 35 40 50 
7/ 64 14 28,740 0.192 50 60 70 
TP oa 12 45,710 0.253 70 85 90 
7/ 91 11 58,000 0.273 80 95 110 
7/102 10 72,680 0.306 90 110 130 
19/ 64 14 78,030 0.320 100 120 150 
19/ 72 13 98,380 0.360 125 150 175 
19/ 81 12 124,900 0.405 150 180 210 
19/ 91 tate 157,300 0.455 175 210 250 
19/107 = 217,500 0.540 225 270 325 
19/114 9 248,700 0.570 250 300 350 
37/ 91 il 306,400 0.637 275 330 400 
387/ 97 = 347,500 0.679 300 360 450 
37/102 10 381,200 0.714 325 390 500 
3n/ 116 A 484,300 0.798 400 480 600 
61/102 10 633,300 0.918 475 565 700 
61/107 698,000 0.963 500 600 750 
61/114 9 788,500 1.030 550 660 825 
61/121 is 893,100 1.090 600 720 900 
61/128 8 1,007,000 1.150 650 780 1,000 . 
91/114 -9 1,191,000 1.250 725 870 1,125 
91/128 8 1,502,000 1.410 850 1,020 1,350 
127/114 9 1,660,000 1.480 900 1,110 1,460 
127/128 8 2,097,000 1.660 1,110 1,300 1,700 


* These individual strands are odd sizes not listed in the American or 
B. & S. wire tables. 
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in 
amperes 


Fusing CURRENTS OF WIRES OF VARIOUS METALS 
Wires are Unsupported and in Air 
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Diameter of wire in thousandths of an inch 


Copper LAR Platinum German Tron 
num silver 
0.002 0.003 0.003 0.003 0.005 
0.003 0.004 0.005 0.005 0.008 
0.004 0.005 0.007 0.007 0.010 
0.005 0.006 0.008 0.008 0.012 
0.006 0.008 0.010 0.010 0.014 
0.009 0.012 0.016 0.016 0.022 
0.013 0.016 0.020 0.020 0.028 
0.015 0.019 0.025 0.025 0.034 
0.018 0.022 0.029 0.029 0.040 
0.020 0.025 0.032 0.032 0.045 
0.022 0.028 0.036 0.036 0.050 
0.025 0.030 0.039 0.039 0.055 
0.027 0.033 0.042 0.042 0.059 
0.029 0.035 0.045 0.045 0.063 


Tin 
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Wirina For DIRECT-CURRENT MoTORS 
These tables refer to motors rated at 40 deg. Cent. rise at full load 
DirEect-curRRENT Morors, 110 Vours 
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eee ce ms Size of Size of Conduit 
Horse- full-load wire, ; ; 
switch, fuse, size, 
power current, B. & S. é 
amperes amperes inches 
amperes gage 
A 2.5 14 30 6 4 
VM 4.4 14 30 10 A 
1 9.0 14 30 12 % 
2 17.0 10 30 2o 34 
3 24.0 8 30 30 34 
5 39.0 6 60 50 1 
76 58.0 4 100 75 114 
10 75.0 1 100 95 14% 
15 113.0 00 200 150 2 
20 150.0 000 200 200 2 
2 191.0 250,000 400 250 2 
30 226.0 250,000 400 300 2 
35 264.0 500,000 400 350 3 
40 300.0 500,000 400 400 3 
50 375.0 700,000 600 *500 3% 
55 413.0 800,000 600 *550 314 
65 488 .0 900,000 *800 *610 3% 
70 525.0 1,100,000 *800 *656 4 
75 562.0 1,200,000 *800 *702 4g 
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DrRECT-cURRENT Motors, 220 Vouts 


Approximate ave o Size of Size of Conduit 
Horse- full-load wire, Z ;: 
switch, fuse, size, 
power current, B. & S. ; 
amperes amperes inches 
amperes gage 
V4 In3 14 30 6 os 
oa 2.3 14 30 10 aa 
1 5.0 14 30 10 oA 
2 9.0 14 30 12 A 
3 12.0 14 30 15 M4 
5 19.0 10 30 25 34 
76 29.0 6 60 40 1 
10 38.0 6 60 50 1 
15 56.0 4 100 70 1% 
20 74.0 1 100 95 1% 
25 93.0 0 200 120 1% 
30 111.0 00 200 150 2 
35 130.0 000 200 WS 2 
40 148.0 200,000 200 200 2 
50 184.0 300,000 400 250 216 
55 202.0 300,000 400 275 24 
60 221.0 300,000 400 275 3 
65 240.0 500,000 400 300 83 
70 258.0 500,000 400 325 3 
15 276.0 500,000 400 350 3 
80 294.0 500,000 400 375 3 
85 312.0 500,000 400 400 3 
90 Soleo 600,000 600 450 3 
100 368.0 700,000 600 500 3 


* When fuse sizes exceed 600 amp. 


must be substituted. 


*When fuse sizes exceed 600 amp. 


must be substituted. 


*When fuse sizes exceed 600 amp. 


must be substituted. 


*When fuse sizes exceed 600 amp. 


must be substituted. 


circuit breakers of approved type 


circuit breakers of approved type 


circuit breakers of approved type 


circuit breakers of approved type 
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Wiring FOR ALTERNATING-CURRENT MOTORS 
These tables refer to motors rated at 40 deg. Cent. rise at full load 
SQUIRREL-CAGE INDUcTION Morors—THREE-PHASE, 110 VoLrts 


833 


Approxi- 
mate Size of Size of Size of Size of Gonduit 
Horse- full- wire, : starting | running z 
switch, size, 
power load B. & S. fuses, fuses, A 
amperes inches 
current, gage amperes | amperes 
amperes 
1 6 14 30 20 10 oo 
2 12 10 60 35 15 34 
3 18 8 60 50 eos 1 
5 27 6 100 70 35 1% 
76 40 4 100 80 50 1% 
10 52 2 200 110 65 11g 
15 76 1 200 150 100 114 
20 100 1 200 200 125 2 
25 125 000 400 250 175 2 
30 150 200,000 400 300 200 216 
35 175 300,000 400 350 225 216 
40 200 300,000 400 400 250 21 
50 240 400,000 *600 500 300 3 
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SQUIRREL-CAGE INDUCTION MotTors—THREE-PHASE, 220 VOLTS 


Approxi- 
mate Size of Size of Size of Size of onda 
Horse- full- wire, - starting | running ; 
switch, size, 
power load B. & S. fuses, fuses, P 
amperes inches 
current, gage amperes | amperes 
amperes 
1 3 14 30 10 10 Wy 
2 6 14 30 20 10 yw 
3 9 10 30 30 12 34 
5 14 8 60 40 20 1 
74 20 8 60 50 PAs il 
10 26 6 100 65 35 14% 
15 38 4 100 90 50 1% 
20 50 2 200 110 65 144 
25 63 2 200 125 80 14 
30 75 1 200 150 95 14 
35 87 0 200 175 110 2 
40 100 0 200 200 125 2 
50 125 000 400 250 175 2 
75 186. 300,000 400 375 250 246 
100 245 400,000 600 500 325 3 
150 365 700,000 800 *730 450 36 
200 480 1,000,000 1,000 *960 600 4 
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SQUIRREL-cAGH INDUcTION MoTrors—THREE-PHASE, 440 Vouts 


Approxi- 
a mate Size of Size of Size of Size of Conduit 
orse- full- wire, é starting | running 5 
power load B. & 8. Behe fuses, fuses, eee 
amperes inches 
current, gage amperes | amperes 
amperes 
1 2 14 30 6 3 6 
2 3 14 30 10 4 M4 
3 5 14 30 15 a 4% 
5 7 14 30 25 10 1 
74 10 12 30 25 15 34 
10 13 10 30 30 20 34 
15 19 8 60 50 25 1 
20 25 6 100 70 35 1% 
25 32 6 100 15 40 1% 
30 38 4 100 90 50 114 
35 44 4 100 100 55 1% 
40 50 2 200 110 70 1 
50 63 2 200 125 80 1% 
75 93 0 200 200 120 2 
100 122 000 400 250 175 2 
150 182 300,000 400 375 225 24% 
200 240 400,000 *600 *500 300 3 
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Two-pHAsE InpuctTion Morors, 110 Vouts,t Four Wire, 60 Cycuss, 
STANDARD SPEEDS 


Approxi- 
mate Size of Size of Size of Size of Ganduie 
Horse- full- wire, 3 starting | running ; 
switch, size, 
power load B. & S. fuses, fuses, 2 
amperes inches 
current, gage amperes | amperes 
amperes 
if 5.2 14 30 15 10 34 
2 10.4 12 30 30 ley 34 
3 15.6 10 60 45 20 1 
5 re 8 100 65 30 1 
7% 33.8 6 100 85 45 114 
10 44.2 4 100 90 60 1% 
15 64.8 2 200 11455 85 1144 
20 Sao 1 200 175 110 2 
25 108.0 0 200 225 125 2 
30 129.8 00 400 250 175 216 
35 151.4 000 400 300 200 216 
40 181.7 300,000. 400 375 225 3 
50 213.0 400,000 *600 *450 275 316 
75 322.0 500,000 *800 *644 400 316 
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Two-pHase InpucTION Morors, 220 Vouts,f Four Wirx, 60 Cycuxs, 
STANDARD SPEEDS 


Re ey ne iano eine 


Approxi- 
mate Size of : Size of Size of : 
Horse- full- wire, mize @. starting | running Condatt 
power load B. & 8. syiteh, fuses, fuses, pee 
current, gage ee amperes | amperes ieches 
amperes 
1 2.6 14 30 10 10 34 
2 5.2 14 30 15 10 3% 
3 aS 12 30 25 10 34 
5 deleest 10 60 35 15 1 
74 16.9 10 60 40 20 1 
10 22.1 8 60 55 30 1 
15 32.4 6 100 65 40 144 
20 43.75 4 100 90 555 1% 
25 §2.1 4 100 100 65 14% 
30 64.9 2 200 125 85 14% 
35 75.0 2 200 150 95 116 
40 90.8 1 200 200 110 2 
50 106.5 00 400 225 150 216 
75 161.0 200,000 400 325 200 3 
100 210.0 400,000 600 450 275 36 
150 Sloan” 600,000 *800 *630 400 4 


* When fuse sizes exceed 600 amp. circuit breakers of approved type must 


be substituted. 
* When fuse sizes exceed 600 amp. circuit breakers of approved type must 


be substituted. 
+ For two-phase three-wire circuits, the common wire should be 1.41 times 


as large as the wires in the tables. 


Test for Polarity of Circuits.—A voltmeter or an ammeter may be 
used to test for direction of current if there is a plus sign on the 
instrument to indicate the polarity. If there is no meter at hand, one 
way to tell the polarity of the two wires of a direct-current circuit 
is as follows: Connect an incandescent lamp of the same voltage as 
the circuit to one side of the line. To the other side of the lamp 
connect a strip of clean lead. Immerse this in a glass of salt water. 
Put another strip of lead in the glass but not touching the first strip. 
Connect the latter strip by means of a wire to the other side of the 
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circuit. After a short period the positive will turn a reddish brown, 
and the negative will turn grayish. 

A small pocket compass may be used as a polarity tester. Lay the 
wire so that it points north and south and place the compass over it. 
The needle will be deflected eastward if current is flowing north and 
westward if current is flowing south. 

There are other ways of testing polarity, such as the observation of 
two arc-lamp carbons immediately after turning off the current. 
The positive will be the hottest one and therefore the brightest. Or 
if a paper is moistened with iodide of potassium and touched with the 
two terminals, the positive one will leave a brown mark. 

All these tests, however, involve the use of some piece of apparatus, 
and it often happens, as in the field, that none of these means are 
available. The simplest test possible is to stick the ends of the wires 
into some moist substance, preferable a potato, apple or onion in the 
order named. Boiling or bubbling will occur at the negative termi- 
nal. Be careful not to touch the wires together unless a lamp or 
other resistance is in series. 

It is sometimes necessary to distinguish between an alternating- 
and a direct-current circuit. In this event, in any of the tests men- 
tioned, the action would be similar at both terminals. There is an 
easily distinguishable difference between the arcs produced by the 
two kinds of current. 

Soldering Fluxes.—Many good soldering fluxes are on the market. 
If it is desired to make a flux, the following formula for soldering 
fluid is suggested: 


Saturated solution of zine chloride, 5 parts. 
Alcohol, 4 parts. 
Glycerine, 1 part. 


When soldering small wires such as used in bell coils, meters, ete. 
a rosin-cored solder wire which may be purchased is recommended. 
Acids and other strong fluxes are likely to corrode small wires and 
eventually cause them to break. 

Panel Boards or Boxes.—The small switchboards are called panel 
boards or boxes, and also distribution boards. They are made of all 
sizes from 8 to 10 in. square, up to 4 or 5 ft., and are arranged to feed 
into one, two, fifty or sixty circuits, supplying anywhere from five 
to six lights to a thousand or more. 
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Construction of distribution boards can be understood from Figs. 
10 and 11, the first being arranged for the three-wire system, and 
the second for the two-wire. Figure 10 is arranged to feed ten cir- 
cuits, and is provided with one main switch by means of which the 
entire box can be disconnected from the main line. The distributing 
circuits are provided with proper safety fuses on the outside wires, 
so that if anything goes wrong and the current increases to a danger- 
ous point, the circuit will be opened. No fuse is placed in the middle * 
wire, as it is not necessary, and might result in cutting out both sides 
of the circuit when only one was disabled. 
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Fia. 10.—Three-wire system. Fia. 11.—Two-wire system. 


Figure 11 is a more complete panel, because each one of the six 
distribution circuits is provided with a switch, so that it is possible 
to disconnect any circuit without interfering with the others. In 
some cases a distribution board of this kind is the only thing that 
will answer the purpose, but in others, the more simple construction 
of Fig. 10 answers just as well. The fuses in Fig. 10 are shown at 
EF, 

The fuses are sometimes made so they can be used as switches; 
that is, they can be pulled out of place to open the circuit, and if one 
blows out it can be removed and a new fuse be put in, thus placing 
the disabled circuit in service without interfering with the others. 
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Principle of Ammeters and Voltmeters.—These instruments as 
used on switchboards depend for their operation upon the repulsion 
between magnetic lines of force. Many different constructions are 
used, but most of them operate upon the principles illustrated by 
Fig. 12 or 13. If a small bar of iron ¢ is placed between the poles 
of a permanent magnet, as in Fig. 12, it will be held in a horizontal 
position by the attraction of the magnet. If it is surrounded by a 
stationary coil of wire b, through which a current of electricity passes, 
then it will be under the influence of two forces, one the attraction of 
the poles NS of the magnet, and the other the attraction of the lines 


b 


Fie. 12. Fie. 13. 
Fics. 12 and 13.—Principle of ammeter and voltmeter. 


of force developed by the current flowing through coil 6. The action 
of the latter will tend to swing the rod ¢ into the vertical position. 
The force of the magnet will remain constant, but the force of the 
coil will vary with the strength of the current passing through it; 
hence, the stronger the current the more the bar ¢ will be swung 
around toward a vertical position. If we provide a small counter- 
weight, as shown in the illustration, to resist the action of the coil, we 
will have a means that will enable us to adjust the movement of the 
bar, so that it will swing around through a given angle for a given 
increase in current. If a pointer a is secured to ¢ it will swing over 
the scale as shown, when c is rotated by the action of the coil. 

If coil b is mounted so that it may swing around the center pivot, we 
can discard bar c, for then as soon as a current traverses b, the lines of 
force developed around it will be attracted by those of the permanent 
magnet, and will exert a twisting force so as to place the axis of the 
coil parallel with the lines of force passing from N to S. In this case 
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as in the previous one, the effort to twist b around will be proportional 
to the strength of the current, hence, the stronger the current the 
greater the swing. Ammeters and voltmeters are made on these 
principles, and the only difference in the two instruments is in the 
size of the wire used for the coils. 

Circuit breakers are illustrated in principle by Figs. 14 and 15. 
In Fig. 14, when current flows through magnet Z, it will attract lever 
A, which is made of iron. If the current is weak it may not develop * 
sufficient attractive force in # to lift the weight D, and A will remain 


Fig. 14. Fia. 15. 
Figs. 14 and 15.—Principle of circuit breakers. 


where it is. If current is increased until H becomes strong enough 
to lift D, then A will move over toward the magnet, and the catch 
a falling behind it, will not allow it to return to its former position 
until placed there by hand. 

When A swings over, it carries B, and thus breaks the connection 
with C and opens the circuit. By properly adjusting the weight D 
and the magnet LH, we can set the device to open the circuit whenever 
the current reaches a certain strength. This is the principle upon 
which circuit breakers act, but such a device as Fig. 14 would be of no 
service for lighting circuits, because the distance by which C and B 
are separated is too small to break the current. 

By modifying the construction as in Fig. 15, we obtain a device 
that gives a wide separation at the breaking point. In this con- 
struction, the lever A when drawn towards the magnet, strikes the 
catch a, so as to release lever B, and the weight D throws the lever 
down to the position shown in broken lines, thus giving a wide sepa- 
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- ration between F and C. By moving the weight on the lower arm 
at A, the device can be adjusted so as to act with different strengths 
of current. 

Circuit breakers as actually constructed do not have the appear- 
ance of this diagram, but they operate on the principle illustrated by 
it. Upon breaking or interrupting an alternating-current circuit 
the are will only sputter and is easily extinguishable; while with a- 
direct-current circuit under the same conditions the are will stream 
across and produce a pronounced hissing sound. 

Transformers.—A transformer is an apparatus in which the 
principle of mutual induction is utilized for generating a second 
current by the inductive action of a 
primary current. Referring to Fig. 66, 
Sec. XX, if wire B is closed upon itself 
the e.m.f. induced in it by the magnetic 
flux issuing from A will cause a current 
to flow and then this current, which is 
' brought into existence by the induc- 
tive action of the current in A, will in 
turn develop a magnetic flux that will 
react upon wire A in precisely the same 
manner as if the current were not in- 
Fagen Reepitcisia’ of tke duced in B, but it came from an inde- 

1a aTST ASD. pendent source. In a transformer, the 

; wire is wound in the form of compact 

coils, and one of these coils, which is called the primary, is connected 
with an alternating-current circuit. The current flowing through this 
coil induces a current in the other coil which is called the secondary. 

The general construction of a transformer can be understood from 
Fig. 16. An iron core Cis provided upon which are wound two coils 
marked A and B. The coil A which is the primary, is connected 
with an alternating-current circuit, and thus the iron core C is 
strongly magnetized. The presence of the iron core C serves to 
greatly increase the magnetic flux but does not in any way interfere 
with its alternating properties, so that it increases and decreases and 
changes its direction in precisely the same manner as the flux that 
surrounds a single wire. 

The flux developed by A, swells out as indicated by the lines aaa 
and cuts through the side of the secondary coil B. If the circuit 
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through this coil is close an alternating current will be generated in it, 
and this current will develop a magnetic flux that will swell out and 
cut the side of the primary coil A. The e.m.f. induced in A by the 
flux of B will be in opposition to the self-induction developed by its 
own flux, hence, if the circuit through B is open, the current flowing 
through A will be small because the self-induction will counteract 
the impressed e.m.f. so as to leave but a small effective e.m.f. As 
soon as the circuit through B is closed, the inductive action of this © 
coil upon A will offset to a certain extent the self-induction and thus 
assist the impressed e.m.f. in forcing more current through A. The 
more the current through B is increased, the stronger its action upon 
A and as a result the more the self-induction of A will be neutralized 
and the stronger the primary current will become. This action, 
which occurs in a perfectly natural manner, serves to make the 
‘transformer a self-regulating apparatus, so that if a strong current is 
required in the secondary circuit, a strong current passes through the 
primary so as to furnish the energy necessary to develop the strong 
secondary current. If no current is drawn from the secondary, the 
primary current is reduced to nearly nothing. 

Action in a Transformer.—To explain fully the action in a trans- 
former would require a rather lengthy discussion of the principles 
involved, but the action, in a general way, can be made clear without 
going deeply into the theory. In explaining the phase relation of the 
current, the self-induction and the impressed e.m.f. in connection 
with Fig. 46, Sec. XX, it was shown that the angle between the self- 
induction and the current is 90 deg., and that the angle between the 
current and the impressed e.m.f. can be anything from zero up to 
nearly 90 deg. 

If the current is passed through transformers or other inductive 
devices, it will lag considerably. Suppose it lags 10 deg., then the 
total angle between the impressed e.m.f. and the self-induction will 
be 100 deg. In a transformer e.m.f. induced in the secondary coil 
is in phase with the self-induction in the primary coil, hence, with the 
above angles, it would be 100 deg. behind the impressed e.m.f. in 
the primary coil. 

If the secondary current lags as much as the primary, it will be 110 
deg. behind the primary impressed e.m.f. and the magnetic flux 
developed by this current will induce the e.m.f. in the primary coil 
90 deg, behind itself or 200 deg. behind the primary impressed e.m.f. 
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Change in Phase Relation.—This e.m.f. induced in the primary coil 
by the action of the secondary current not only counteracts the self- 
induction in the primary coil, but in addition changes the phase 
relation between the primary current and its impressed e.m.f., making 
the angle smaller. This change in the phase relation between the 
current and impressed e.m.f. results, in turn, in a change of the phase 
relation of the secondary current, and this change in the phase of 
the secondary makes a corresponding change in the phase of the 
primary. 

If we were to trace up the action back and forth from primary to 
secondary currents we would finally arrive at the true phase relation 
of the currents and e.m.fs. in both circuits but this is a complicated 
and unnecessary process of reasoning. We can easily see that the 
current induced in the secondary coil will have a certain phase rela- 
tion with respect to the primary current, and we can further see that 
the combined magnetizing effect of the two currents, the primary 
and secondary, is the same as that of a single current having a phase 
intermediate between the phases of these two. Following this course 
of reasoning we have only one inductive action to deal with and this 
is in such a phase relation that as it increases it decreases the self- 
inductive e.m.f. in the primary and thus permits more current to 
pass through this coil, and this increase in current in the primary 
causes a corresponding increase in the secondary current. When 
the secondary current is very small the self-induction in the primary 
is very great and as a result the lag of the primary current is increased 
and its strength is decreased. As the secondary current increases, 
the self-induction in the primary decreases, and the lag of the primary 
current reduces while the current strength increases. The strength 
of the secondary current is varied by varying the resistance in the 
secondary circuit; if this resistance is reduced the current is increased. 

The Perfect Transformer.—To make a transformer as perfect as 
possible it is necessary to place the primary and secondary coils in 
such a position that the mutual induction between them may be the 
greatest possible, that is, so that all the magnetic flux developed by 
the primary coil may cut through the secondary and all the flux of the 
secondary may cut through the primary. If the coils are arranged 
as in Fig. 16, it can be seen at once that all the flux of A will not cut 
through B and in like manner all the flux of B will not cut through A. 
It is not possible to arrange the coils so that all the flux of one coil 
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will pass through all the turns of wire on the other coil, but this 
condition can be very nearly realized. If one-half of coil A is wound 
on each side of the core C and then the B coil is wound in two parts 
directly over the A coils the chance for the flux of one coil not to pass 
through the other coil will be greatly reduced. 

_ The flux that does not pass through the opposite coil is called a 
leakage flux, thus in Fig. 16 the lines a that pass through coil A but 
not through B constitute the leakage from coil A and in like manner 
the flux of coil B that does not pass through A is the leakage of B. 
The leakage flux represents just so much magnetism thrown away, 
hence the effort of the designer is to 
arrange the coils so as to reduce loss to 
the smallest amount possible. 

If the two coils were wound together, 
that is, if we took the wires and wound 
them side by side forming a single coil, 
the leakage would be practically noth- 
ing, but this construction cannot be 
used as with it there would be great 
danger of the insulation between the 
coils giving away, and this would de- 
stroy the transformer. Fie. 17.—Position of transfor- 

This form of winding can be approxi- mer coils and core. 
mated to by winding each coil in many 
sections and placing those in sandwich fashion upon the iron core 
as is shown in Fig. 17 in which the sections forming one coil are 
shaded, and those of the other coil are not. This is the construction 
that is followed generally in large transformers. In the majority of 
designs, however, the primary and secondary coils are wound one over 
the other. 

Purpose of Transformers.—Transformers are used for changing the 
voltage of the current. The name transformer is misleading, as it 
creates the impression that the device transforms the current, when as 
shown in the foregoing it does nothing of the kind, it simply generates 
a secondary current, which is in no way connected with the primary. 

When electric energy is transmitted to a considerable distance 
by means of alternating currents, the voltage used is much higher 
than is required for the operation of lamps or motors, hence, at the 
receiving end of the line this current is passed through transformers 


846 TULLEY’S HANDBOOK 


and secondary currents are generated in these that are of the voltage 
desired. 

The voltage of the secondary current is controlled by the number of 
turns of wire placed upon the secondary coils. Roughly speaking, if 
the primary coil has ten times as many turns as the secondary the 
voltage of the secondary current will be one-tenth of that of the 
primary. If the primary voltage is 2,000 and the secondary is 100 
the primary coil will have twenty times as many turns of wire as 
the secondary. 

“Step-up” and “Step-down” Transformers.—Those that deliver 
a secondary current of lower voltage than the primary are called 
step-down transformers, while those that deliver a secondary of higher 
voltage are called step-up transformers. For distributing current 
to consumers, step-down transformers are used. But in long dis- 
tance transmission, where the current has an e.m.f. of anywhere from 
10,000 to 220,000 volts, step-up transformers are used at the power 
house, and these take the current from the generators, which may 
be of 1,100 to 14,000 volts and deliver to the line a secondary current 
of ake voltage. 

Transformers cannot be used with direct current for the reason 
that as these currents do not fluctuate, the magnetic flux developed 
by them remains stationary and there is no inductive action. 

The iron core of a transformer is built of sheet iron. It could not 
be made a solid mass, for, if it were, secondary currents would be 
induced in it, and energy of the primary current would be used 
up in developing useless currents in the iron core. The sheet iron 
laminations are insulated from each other, to prevent the develop- 
ment of currents in the core. 

Wire wound on each leg of the core belongs in part to the primary 
and in part to the secondary circuit. If the primary wire is propor- 
tioned so it is proper to a 1,000-volt current when the parts on the 
two legs are connected in series, then it can be made proper for 500 
volts by connecting the two parts in parallel. If the secondary coils 
will develop a voltage of 100 when both parts are connected in series, 
they will develop 50 volts if both parts are connected in parallel, 
but in this case the current will be doubled. 

For protecting the wire, an outer casing is provided and for most 
transformers, this casing is made water tight and filled with oil to 
improve the insulation of the apparatus. Very large transformers 
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are provided with means for cooling them. In some, air is forced 
through the coils and iron core. In others, coils of pipe are placed 
within the casing and water circulates through these. 

Series Arc Lighting Transformer.—This transformer is still used 
to some extent, especially in remote places and it is usually called a 
regulating transformer, or a constant current transformer. For 
series arc lighting it is necessary to have a constant current but the 
volts increase and decrease as the number of lamps increase and 
decrease. A transformer acting in its natural way will develop 
constant potential secondary current; therefore, to make it develop 
constant current with variable potential, it is necessary to resort to 
mechanical means. 

Series Transformer Construction.—The constant current trans- 
former is very simple and effective. It is so made that one of the 
coils automatically moves closer to or farther away from the other. 
If the two coils, primary and secondary, are close together, the effect 
of the primary upon the secondary will be much greater than if they 
are far apart; hence, when close together the voltage generated in the 
secondary will be high, and when far apart the voltage of the secon- 
dary will below. From this it will be seen that to make a transformer 
so that it will regulate the voltage in proper proportion for any 
number of lamps in the circuit, all that is necessary is that the dis- 
tance between the coils be varied in a manner to agree with the varia- 
tion in the number of lamps. 

How proper movement of the transformer coil is accomplished can 
be made clear by means of Fig. 18, which shows a regulating trans- 
former with the outer casing removed. Looking at this illustration 
it will be seen that there is a rocking lever, which carries at one end a 
weight, while to the other end the upper coil of the transformer is 
attached. The object of the weight is to balance the coil so that a 
very small upward force will move the latter upward. Generally, 
the lower, stationary coil is the primary, and the upper, movable coil, 
is the secondary. The currents flowing in these two coils repel each 
other, in the same way that magnet poles of the same polarity repel 
each other. If the current in the secondary becomes too strong, the 
repelling force is increased, and the upper coil is raised. The raising 
of this coil causes the current to reduce, because the further apart the 
coils are the weaker the inductive action of the primary upon 
the secondary. If the current in the secondary becomes too weak the 
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upward push will be reduced and the coils will come closer together, 
and as a result the secondary current will be increased. In either 
case the change in the position of the secondary coil will have the 
effect of returning the current in the secondary to the proper strength; 
that is, if it is too strong it will be reduced, and if it is too weak it will 
be increased. The counterbalance weight is so proportioned that the 
excess of weight in the movable coil is just enough to balance the 
upward push of the current when the latter is of the proper strength. 


Fie. 18.—Constant current transformer. 


This being the case, it can be seen that if the rocking beam is mounted 
so as to swing freely, and the transformer is set so that the coil will 
not rub against the iron core, the apparatus will respond to very small 
changes in the strength of the current. This apparatus, like asteam 
engine governor, can be made so as to be sensitive, and if too sensitive, 
it will have a pumping action, that is, the rocking beam will acquire 
a see-saw movement, and the current will increase and decrease in 
time with the movement, thus causing the lamps to burn unsteady. 
The manufacturers, by actual trial adjust the weight to the point 
that will give close regulation without causing pumping action. 
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SECTION XXIV 
MECHANICAL REFRIGERATING—ICE MAKING 


Mechanical refrigeration is produced by evaporation of a volatile 
liquid which will boil at low temperature, and by means of special 
apparatus, the temperature and desired amount of refrigeration is 
placed under control of the operator. 

As shown by Fig. 1, the simplest form of mechanical refrigerating 
apparatus consists of three principal parts: A, an ‘“‘evaporator,” or 
as sometimes called, a “congealer,’”’ in which the volatile liquid is 
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Fic. 1.—Elementary refrigerating apparatus. 
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vaporized; B, a combined suction and compressor pump, which sucks, 
or properly speaking, ‘“‘aspirates” the gas discharged by the com- 
pressor pumps, and under the combined action of the pump pressure 
and cold condenser, the vapor is here reconverted into liquid, to be 
again used with congealer. We now see the function of the com- 
pressor pumps and condensers. 

Refrigeration Operating Principles.—The action of refrigerating 
machines depends upon well-defined natural laws that govern in all 
cases, no matter what type of apparatus or machine is used, the 
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principle being the same in all instances. Fig. 2 diagrammatically 
shows compression apparatus charged with liquid ammonia, stored 
in the lower part of the condenser C, a small cock or expansion valve 
controlling a pipe leading to the congealer or brine tank A, is slightly 
opened, allowing the liquid to pass into the congealer coils when 
it expands into gas under influence of heat transmitted through the 
coils from surrounding substance to the ammonia liquid, which is - 
boiled into a vapor the same as water is boiled into steam in a steam 
boiler. The amount of heat taken up and made negative being in 
proportion to the pounds of liquid ammonia evaporated. 
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Fic. 2.—Compression refrigerating system. 


Refrigeration Pump and Condenser.—The work of this apparatus 
is to reconvert the gas, after evaporation, into a liquid, and make the 
original charge of ammonia available for use over and over again. It 
will appear that the pump and condenser might be dispensed with, 
but these conditions may only be economically realized when am- 
monia liquid can be obtained in great quantities and at less cost than 
reconverting the vapor into a liquid by compression machinery and 
condenser. 

Work of refrigeration is indexed by the amount of cooling work 
possible is the number of pounds of ammonia evaporated between 
the observed range of temperature. To make the above clear, each 
pound of ammonia during evaporation is capable of storing up a 
certain quantity of heat, and the simplest form of refrigerating 
apparatus might consist, as shown by Fig. 2, of two parts: A con- 
gealer and a tank of ammonia. In this apparatus, the ammonia is 
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allowed to escape from the tank into the congealer as fast as the 
coils therein are capable of evaporating the liquid into a gas. 

When completely evaporated the resulting vapor is allowed to 
escape into the atmosphere, which means it is wasted, the supply 
being maintained by furnishing fresh tanks of ammonia as fast as 
contents are exhausted. This process, while simple, would be 
tremendously expensive, costing at the rate of about $200 per ton, 
refrigerating or ice-melting capacity. To recover gas and reconvert 
to a liquid in a comparatively inexpensive manner, is the object to 
be obtained. 

Regulation of mechanical cold is under control of the expansion 
valve—or cock—leading from the condenser. As gas begins to form in 
the evaporator, the compressor pump B is set in motion at such speed 
as to carry away the gas as fast as formed, which is discharged into 
the condenser under such pressure as will bring about condensation 
and restore the gas to the liquid state; the operation being continuous 
so long as the machinery is kept in motion. 

Brine and expansion systems of refrigeration are the two methods 
of utilizing mechanical cold and both these systems are described at 
some length in the following paragraphs. 

Brine refrigerating system calls for ammonia evaporating coils 
placed in a tank, which is filled with strong brine which is known not 
to freeze at temperature as low as zero. This is the brine tank or 
congealer A. The evaporating or expansion of the ammonia in these 
coils robs the brine of heat, the process of storing cold in the brine go- 
ing on continuously and being regulated, at the gas expansion valve. 

To practically apply the cold thus manufactured, the chilled brine 
or non-freezing liquid is circulated by a pump through coils of pipe 
on the ceilings or sides of the apartments to be refrigerated, the process 
being analogous to heating rooms by steam. The cold brine in its 
circuit through the pipes, becomes warmer by taking up the heat of 
the rooms, and is finally returned to the brine tank, where it is again 
cooled by the ammonia coils, the operation, of course, being a con- 
tinuous one. 

Direct-expansion Refrigeration System.—When this system is 
used, the expansion or evaporating coils are not put in brine tanks, 
but are placed in the room to be refrigerated, and the ammonia is 
evaporated in the coils by their coming in direct contact with the air 
in the room to be refrigerated, no evaporating tank being used. 
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Rating of Refrigerating Plants.—They may be rated in two ways— 
their capacity in tons of ice they will produce in one day (24 hr.), 
called ice-making capacity; or they are rated equal to the cooling 
work done by one ton of ice-making per day (24 hr.), called refrigerat- 
ing capacity. Ordinarily, the ice-making capacity is taken at about 
one-half of the refrigerating capacity, but this is only approximate. 

Refrigeration Plant Instructions.—A competent engineer should be 
placed in charge of the plant, and held responsible for its performance, 

He should have charge of all help in the engine room, tank room. 
and all men who work around the plant. 

He should acquaint himself with all pipe and valves about the 
plant, so that in case of trouble, he will know what to do. 

Valves should be provided in suitable places, so if it becomes 
necessary, he can transfer the ammonia from one part of the plant 
to another; before attempting to transfer the ammonia, the engineer 
in charge. should carefully see that he fully understands where it is 
to be put, and that there is sufficient space to contain same. In 
making transfers, always run the machine very carefully. 

When starting the engine, start slowly, and before the pumps show 
a vacuum in the coils, open the regulating valve slightly, and then 
speed up the engine gradually. 

The back pressure should be kept at about 15 lb. above zero, 
depending on the frost shown on suction pipe. When the machine is 
run to its full capacity, it should show frost on the suction pipe just 
above the brine tank; in some machines, it is necesary to freeze back 
to machine, as the frost takes up the heat of compression and takes 
the place of a water jacket. 

Starting a refrigerating machine demands the engineer first sees 
that the discharge valves are open, then start the machine slowly, 
and open the suction valves slowly. When the machine is fully 
up to speed, watch the gages and note.the pressure, which should be 
between 150 and 180 lb. depending upon the temperature of the 
water and atmosphere. The suction or back pressure should be 
about 20 lb., unless the temperature of the brine in the tanks is below 
18 deg.; if it is, the low pressure should be reduced in proportion; the 
frost on the suction pipe will determine the back pressure to be carried. 
Use as high back pressure as possible without frosting back. 

Regulate the low pressure by means of the feed valves. ‘The pres- 
sure should rise slowly; watch carefully to see that the feed valves 
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work regularly so each valve may supply the proper amount of 
ammonia to the coils. The frosting of the valves will indicate how 
they are working, and a little practice will enable the engineer to 
judge of this. 

When the ammonia disappears from the liquid receiver, it is 
possible that too much feed has been given the-coils, and that they 
are flooded; it is well to shut the main liquid valve to the tanks and 
pump them out until the back pressure falls to about 5 lb.; the 
valve can then be opened and the regular operation resumed. 

Pumping down is for the purpose of getting the ammonia all 
out of the tank coils, where it will sometimes lie; when this is the 
case, the suction line to the machine will be frosted, even when the 
tanks are not below temperature of 18 deg.; when the tanks are below 
18 deg., frost will generally appear in the suction line to the machine. 

In case of a leak in the pipe, the connections are made to the 
pumps so that the large valves on the suction and discharge pipes 
may be closed, and the small by-pass valves opened. By running the 
machines slowly, contents of the discharge pipe system can be 
pumped into the suction and brine tanks. In case of a leak in the 
suction side, it is only necessary to close the liquid valve and pump all 
the ammonia into the condenser and keep it there by shutting the 
valve. 

Stopping a Refrigerating Machine.—Close liquid valve on brine 
tank, and run the machine until the pressure is brought down to 
zero on the gage. Do not create a vacuum, because air is liable to 
leak into the pumps through the stuffing boxes. 

Watch the compressor carefully for leaks; a leak into the cylinder 
either through leaky discharge valves, the gaskets or the cylinder head 
gasket between the cylinder and the discharge port, will materially 
reduce the compressor capacity. It will not take long for a com- 
pressor to waste a ton of coal. 

Test Compressor Gasket and Connections.—Whenever the engi- 
neer in charge gets a chance, he should take off the cylinder head and 
examine the cylinder gasket. If it looks bad, replace it with a new 
one; rub the valves to their seats with flour of emery and oil, and see 
that they have a good bearing; also examine the valve cage gaskets. 

A good test for a compressor, to see whether all connections are 
tight, is to attach a pressure gage to the indicator connection; 
compress the gas in the cylinder so as to have a high pressure. Note 
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the pressure on the gage. If it does not decrease, the compressor 
and connections are tight. If it decreases rapidly, either the valves 
need regrinding, or the piston needs new rings, or the cylinder should 
be rebored, or all these troubles may exist at the same time. 

All pipe and fittings between the machine and condenser, should 
be looked after, as all flanges are provided with lead gaskets, and 
these flanges should be examined occasionally, and when the plant is 
shut down and allowed to cool, the flanges should be tightened up. 

Condenser pipes should be kept clean, so the water will flow evenly 
over all, in order to extract as much heat as possible from the ammonia. 

The colder the ammonia can be kept in the condenser, the more work 
it will do in the tanks; on this account, well water is to be preferred. 

The oil trap on the line from the machine to the condenser, should 
be examined once every 10 days and the oil drawn off. 

If the system gets clogged with oil, and where there is more than 
one tank, pump the brine into the other tanks and when it is all out 
of the tank, disconnect the coil at top and bottom, connect steam, 
attach a gage, drive a pine plug into bottom of coil and put about 
30 lb. of steam in coil for 10 or 20 min.; on the bottom of the return 
header is a purge cock that must be opened frequently, while the 
steam is in the coil. Then knock plug out of coil at bottom, and let 
the steam come through for a short time, then disconnect the steam 
and connect the air pump to the coil and put in 30 lb. air pressure 
for 10 min. All coils should be treated in the same way. 

If there is only one tank, the coils must be taken out of tank and 
blown out, or the brine pumped into the cans. At the same time, the 
expansion valves must be overhauled. After all coils and headers 
are connected the whole should be tested for leaks, first, under air 
pressure, and second, with ammonia and a sulphur stick while the tank 
is empty. 

Sulphur sticks are prepared by dipping a stick of wood into 
melted sulphur. The sticks are then burned close to where leaks are 
suspected. Any leak is at once indicated by a white smoke. 

Steam or ammonia condensers should be kept clean and free from 
all scale, and should be supplied with sufficient water to condense the 
steam or ammonia. 

Refrigerating system reboilers are for the purpose of removing any 
air or gases which may be in the steam. The water in the reboilers 
should at all times be kept boiling, for if it is not, the ice will be white 
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The regulating valves on the reboilers should be examined often, to 
see that they are not sticking. A steam connection should be pro- 
vided in the flat coolers, so that after shutting off the water, which 
flows over the cooler, and the water from the reboilers, steam may be 
blown through from the top downward and out at the bottom of the 
coil; this should be done frequently, and it will be found to save the 
filters. 

The oil separator should be examined at least once a year and 
cleaned. The object of this separator is to remove the oil from the 
steam, and, if working properly, there should be a small stream of 
water and oil flowing from the drain. 

Air in Refrigerating System.— When air or permanent gases are in 
the system, it will be manifested by unusually high condenser pressure, 
and the efficiency of the machine will be reduced. To remove the 
air, attach a bent piece of 14-in. pipe to the small valve on the top 
of the condenser; place the other end of the pipe in a bucket of water, 
open the valve slightly, and if air is present, it will bubble up through 
the water, while the ammonia will produce a crackling noise, the 
same as when steam is turned into water. 

Fixed gas in a refrigerator system sometimes is plain atmospheric 
air. Again there may be oxygen and hydrogen due to decomposition 
of ammonia. The best way to remove these gases from the system, 
is by drawing them off at the top of the ammonia condenser coils, 
where a small valve will be found on top of each coil, where a small 
pipe may be attached to the small valves; put the other end in a 
bucket of water. If, on opening the valve, bubbles are seen to 
escape through the water, the valve should be kept open as long as 
such bubbles appear; when a crackling noise is heard in the water, 
close the valve. 

Clearance of Compressor Piston.—Keep posted as to clearance 
existing between the piston and the head or heads of the compressor. 
A convenient way to ascertain this, is to remove one of the valves 
from the compressor head and insert a piece of soft lead rolled in the 
shape of a wire through the valve chamber into the cylinder and 
pinch the machine over until the piston of the compressor squeezes 
the lead against the head. When the lead is withdrawn, the exact 
clearance will be shown. 

If the valves pound, it may be that they have too much lift. Try a 
stiffer spring. A spring that is too stiff will also cause valves to pound. 
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Vacuum in Ammonia Refrigerating System.—Never create 
a vacuum in an ammonia system, unless it is absolutely necessary 
to repair a leak or for similar purposes; it will have a tendency to 
draw air into the system; the air must be kept out; pump to zero on 
the gage, but no lower. 

Never put any ammonia in a plant until it has been tested; this 
can be done by drawing a sample out of the drum and seeing that it 
will evaporate and leave no residue. 

Keep a record of the temperatures of brine and condensing water, 
and evaporating and condensing pressures. 

It is a good plan to have a duplicate set of valves on hand, all . 
ready to replace any leaky valve. 

A leaky suction valve is sometimes the cause of considerable loss 
in capacity. It can be located by heat on the suction connection or 
by the hiss that is ever present when a valve leaks, or by the appear- 
ance of the valve. 

Test for Compressor Oil.—Test oil to be used in compressors by 
subjecting a sample to low temperature—get a bottle of the oil and 
cover with fine ice and salt; the result will demonstrate whether it 
will stand a low temperature or not. If the oil gets thick and gummy, 
and separation occurs, leaving a thin transparent, watery liquid, in 
which the heavy part of the oil settles, and which gives off an odor like 
benzine; reject the oil, as it will produce gas in the system, and give 
trouble. 

Oil may be tested with ammonia gas; animal fat will saponify 
when subjected to alkali tests. 

Ice-plant Work.—Ice should always be pulled regularly. The 
distilled water is supplied regularly and should be used in the same 
way; pull but one can and refill it before pulling the next. 

Keep the brine in the tanks over the top pipe; at the end of the 
season, when the plant is shut down, leave the cans in the brine for 
if the cans are taken out, the brine will be lowered and where the 
pipes are exposed, they will rust very fast; keep the tank covers 
clean. The strength of the brine should be about 80 on a saltometer. 

If ice forms on the coils, the brine is weak, and must be kept strong 
enough so it will not freeze. 

In making repairs to coils, while immersed in brine the workmen 
should besmear their arms and hands with cylinder oil, lard or tallow, 
as that will enable them to keep in the brine longer. 
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In case the temperature of the brine rises above 30 deg., do not 
attempt to reduce it without first examining the cans to see whether 
the ice has thawed loose from them; in case it has thawed, pull all 
ice and refill the cans before reducing temperature; if this is not done, 
the freezing of the water around the ice in the cans will burst them. 

Ammonia Test.—As shown by Fig. 3, screw into the ammonia 
flask a piece of bent one-quarter inch pipe, which will allow a small 
bottle to be placed so as to receive the discharge from it. This test 
bottle should be of thin glass with wide neck, so that quarter-inch 
pipe can pass readily into it, and of about 12-cu. in. capacity. Put 
a wrench on the valve and tap it gently with a hammer. Fill the 


Glass Tube 


Rubber Stopper 


Fig. 3.—Taking ammonia sample. 


bottle about one-third full and throw sample out in order to purge 
valve, pipe and bottle. Quickly wipe off moisture that has accumu- 
lated on the pipe, replace the bottle and open valve gently, filling 
the bottle about half full. This last operation should not occupy 
more than 1 min. 

Remove the bottle at once and insert in its neck a stopper with a 
vent hole for the escape of the gas. A rubber stopper with a glass 
tube in it is the best, but a rough wooden stopper, loosely put in, will 
answer the purpose. Procure a piece of solid iron that should weigh 
not less than 8 or 10 lb., pour a little water on this and place the bottle 
on the wet place. 

The ammonia will at once begin to boil, and in warm weather will 
soon evaporate. If any residuum, pour it out gently, counting the 
drops carefully. Eighteen drops are about equal to one-tenth of an 
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ounce, and if the sample take in amounts to, say, 6 cu. in., we can 
readily approximate the percentage of the liquid remaining. 

Lubrication of Refrigerating Machinery.—This important matter 
is not always given sufficient attention, and some users of machinery 
seem to think a low grade of oil is really the cheapest. First- 
class refrigerating machinery calls for the use of at least three differ- 
ent kinds of oil, Nos. 1, 2 and 3, each of high grade: 

No. 1. For use in the steam cylinder, and is known in the trade as — 
cylinder oil. It should be free from grit, not gum up the valves 
and cylinder, should not evaporate quickly on being subjected to 
heat of the steam, and when cylinder head is removed, a good test 
is to notice the appearance of the wearing surfaces; they should be 
well coated with lubricant which, upon application of clean waste, 
will not show a gummy deposit or blacken. Use this oil in a sight 
feed lubricate with regular feed, drop by drop. 

No. 2. For use of all bearing and wearing surfaces of machine 
proper, an oil that will not gum, not too limpid, with good body, free 
from grit or acid and of good wearing quality, flowing freely from 
the oil cups at a fine adjustment without clogging, and a heavier 
grade should be used for lubricating the larger bearings. 

No. 3. For use in compressor pumps. This oil should be what is 
called a cold test, or zero oil, of best quality. 

Best paraffine oil is sometimes used; as also a clear West Virginia 
crude oil. This, when subjected to low temperature, should not 
freeze. 

There are several other angles of the lubrication question to be 
looked closely after in the refrigerating field, beside the mere lubrica- 
tion of bearing surfaces, which requires oils which can withstand 
very high and very low temperatures without gasefying or congealing. 

In the manufacture of artificial ice, or to speak more correctly, 
in mechanical refrigeration, the anhydrous ammonia gas is com- 
pressed in the compression cylinders to about 120 to 200 lb. pressure 
per square inch, according to the class of work done, and the require- 
ments of the plant. It is then allowed to expand down to about 15 
lb. in the expansion coils. 

In some types of machines, oil is used to lubricate the ammonia 
cylinders and pistons to fill the clearance space, and to reduce the 
heat of compression, for in compressing the ammonia gas to the 
required pressure its temperature is raised to about 180 to 200 deg. 
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Oil for this purpose must have a flash point so high as to not give off 
any great amount of vapor. 

After the ammonia has been compressed to the proper extent it is 
allowed to flow through the expansion coils ue thus produce the 
refrigerative effect. 

All refrigerating plants are provided with a separator in the 
ammonia discharge pipe which is supposed to, and does to a certain 
extent, separate the oil and other foreign matter from the ammonia; 
but a certain quantity of oil will always go past the separator in the 
form of vapor and collect in the condensing coils, so that it is very 
essential that the oil be of such a nature that it will remain in 
fluid state when subjected to low temperatures. If the oil be of 
poor cold test, it will congeal and form a coating inside of the coils 
and tend to lower the efficiency of the system and eventually clog 
up the pipes. 

An oil for this work should be of 30 gravity, of about 300 to 325 
flash test, and stand a temperature of 5 deg. above zero without 
congealing. 

Different makes of refrigerating machines have different require- 
ments as to the use of oil. The De La Vergne machine is what 
is known as the double-acting type, and oil is used to fill the clearance 
space as well as to lubricate the cylinders and pistons. On some 
makes of machines the oil is only used in the space in the stuffing 
boxes on the piston rods, and none is fed into the compression 
cylinders; but no matter how tight the packing is kept some oil will 
work through into the cylinders and pass out with the ammonia gas; 
and notwithstanding the fact that the discharge pipes are provided 
with separators, some of the oil will pass through into the system. 

Lubrication. of ice-plant steam engines requires attention to 
certain things which are not essential in other classes of engines. 
It is customary in the manufacture of ice to condense the exhaust 
steam, purify, and use it to make ice of; and for this reason, the oil 
used for lubricating the valves and surfaces of the steam cylinders 
should be of pure petroleum or very nearly so; and it is well for the 
engineer in charge of a refrigerating plant to go on the theory that the 
less oil used in the cylinders the less there will be to separate from 
the condensed water. 

The steam cylinders of refrigerating machines are not as a rule 
very large, the piston speed does not exceed 400 to 600 ft. per minute, 
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so that if a first class quality of oil is used, very little will be required 
to give good lubrication. 

In the process of making ice, the exhaust steam first passes through 
a separator where the steam is relieved of some of the oil; from there 
it passes to a feed water heater, where it imparts some of its heat to 
the boiler feed water, then it goes to the condenser and is condensed 
and the water of condensation is pumped to a re-boiler and skimmer; 
and any oil that has not been removed in the preceding processes — 
is taken off, the water passes through the cooling coils and on toa 
bone dust or charcoal filters, where it is still further cleaned of its 
impurities. From there it passes to the settling or sweet water tank, 
as it is called, and it is finally drawn off through a sponge filter on its 
way to the freezing cans. 

From this it will be seen how important it is that the water be kept 
as free from oil as possible. If the oil contains any great amount 
of animal fats in its composition it will form a white milky-looking 
emulsion that will be very difficult to remove. 

The presense of a yellow or reddish color in the ice is often attri- 
buted to the cylinder oil getting in. This may happen when the oil 
is used too freely, or the filters are out of order; but as a general 
thing the stain is due to the presence of rust in the water. Condensed 
water has a very active effect on iron when combined with oxygen, 
and when the plant is shut down and the pipes are empty, action of 
the air on the moist pipes soon causes them to rust, and when the 
plant is started again, unless care is taken to prevent it, the rust will 
be deposited in the freezing cans. 

Effect of Ammonia on Pipes.—There is no chemical reaction between 
ammonia and iron. A tank, pipe or stop-cock may be in constant 
contact with ammonia for an indefinite time and no action will be 
apparent. The only protection, therefore, that ammonia-expanding 
pipes require is from corrosion on the outer surface. As long as the 
pipes are covered with snow or ice, corrosion does not occur; the 
coating of ice thoroughly protects them from the oxidizing effect of 
the atmosphere; but alternate freezing and thawing requires protected 
surfaces, which are best obtained by applying a coat of paint every 
season. 

Refrigeration pipes, valves and fittings are different from standard 
types. If the refrigerent is ammonia, no brass enters into the design 
of any part of the piping or auxiliaries traversed by the ammonia. 
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The operating principles of all valves are the same as standard ones 
but they are made heavier and entirely of iron, or iron aluminum. 
The common threaded joint used on all standard fittings is replaced 
in refrigerating systems by the bolted and packed joint. 

Expansion coils having to withstand but a maximum working 
pressure of 30 lb. per square inch are constructed with such absolute 
security, in whole and in detail, as to make them one of the most 
perfect pipe constructions on a large scale ever applied in practice. 

Charging refrigerating system with ammonia is best done as shown 
by Fig. 4, the ammonia tank being placed with the outlet valve point- 
ing upward and the other end of the tank raised 12 to 15 in. The 
connection between the outlet valve of the tank and the inlet cock of 


Fie. 4.—Emptying an ammonia tank 


the system should be a 3g-in. pipe. In charging, open valve of the 
tank cautiously, to test connection; if this is tight, open valve fully; 
start machine and run slowly till tank is empty. The tank is nearly 
empty when frost begins to appear on it; run the machine till suction 
gage reaches atmospheric pressure. If it holds at this pressure when 
machine is stopped, the tank is empty; if not, start up again. In dis- 
connecting, close the valve on the tank first, then inlet cock of the 
system. Weigh tank before and after emptying; each standard tank 
contains from 100 to 110 lb. of ammonia. 

Process of mechanical refrigeration is simply that of removing 
heat, and mechanism is necessary, because the rooms and articles 
from which the heat is to be removed are already as cold, or colder 
than their surroundings, consequently, the natural tendency is for 
the heat to flow into instead of out of them. The fact that a body 
is already cold, does not prevent the removal of more heat from it and 
making it still colder. 
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The term cold describes a sensation and not a physical property of 
matter; the coldest bodies we commonly meet with are still possessed 
of a large quantity of heat, part of which, at least, can be abstracted 
by suitable means. The only means by which heat can be removed 
from a body is to bring in contact with it a body colder than itself. 
This is the function that ammonia performs in mechanical refrigera- 
tion. It is so manipulated as to become colder than the body we 
wish to cool. 

The heat thus abstracted by ammonia is got rid of by such further 
manipulation that (while still retaining the heat it has absorbed) 
it will be hotter than ordinary cold water, and therefore, part with 
its heat to it. Ammonia thus acts like a sponge. It sops up the heat 
in one place and parts with it in another, the same ammonia con- 
stantly going backward and forward to fetch and discharge more 
heat. The complete cycle of operation comprises three parts: 

1. A compression side, in which the gas is compressed. 

2. A condensing side, generally consisting of coils of pipe, in which 
the compressed gas circulates, parts with its heat and liquefies. 

3. An expansion side, consisting also of coils of pipe, in which the 
liquefied gas re-expands into a gas, absorbs heat, and performs the 
refrigerating work. 

Continuous refrigeration operations are secured by the three sides 
or parts mentioned above being connected together, the gas passing 
through them in the order named. The liquefied gas is allowed to 
flow into the expansion or evaporating coils, where it vaporizes and 
expands under a pressure varying from 10 to 30 lb. above that of the 
atmosphere, when ammonia is the agent in use. The gas then passes 
into the compressor, is compressed and forced into the condensers, 
where a pressure from 125 to 175 lb. per square inch usually exists; 
here liquefaction takes place and the resulting liquefied gas is allowed 
to flow to a stop-cock having a minute opening, which separates 
the compression from the expansion side of the plant. 

The expansion side consists of coils of pipe similar to those of the 
condensing side, but used for the reverse operation, which is the 
absorption of heat by the vaporization of liquefied gas instead of the 
expulsion of heat from it, as in the former operation. Heat is con- 
ducted through the expansion or cooling coils to, and is absorbed by, 
the vaporizing and expanding liquefied gas within such coils, for the 
reason that they are connected to the suction or low pressure side of 
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the apparatus from which the compressors are continually drawing 
the gas and thereby reducing the pressure in said coils, as already 
stated, to a pressure of 10 to 30 lb. above the atmosphere. 

Liquefied ammonia in again assuming a gaseous condition, has the 
power or capacity of reabsorbing, upon its expansion, a large quantity 
of heat. The liquefied gas entering these coils through the minute 
openings of the stop-cock, above referred to, is relieved of a pressure 
of 125 to 175 lb., the amount requisite to maintain it in a liquid’ 
condition, when it begins to boil, and in so doing passes into the 
gaseous state. To do this it must have heat, which can. be supplied 
only from the substance surrounding the pipes, such as air, brine, wort, 
etc. As a natural result the surrounding substances are reduced in 
temperature, or cooled. 

A standard refrigerating plant in accordance with the De La Vergne 
System is presented by Fig. 5, with horizontal compressor, from which 
hot gas is discharged, passes first to the pressure tank, thence up the 
riser marked hot gas line, through a check valve and down a header 
through 2-in. pipes and soft seated globe valves of the same size, 
to the individual stands of atmospheric condensers at the bottom, and 
as the liquid forms, it is drawn off at different levels through the 
several small pipes shown in the illustration, and passes into the liquid 

- header from where it goes to the liquid tank. 

The outlet from the liquid header rises a few inches to form a goose- 
neck, which maintains a liquid seal on the condenser and prevents 
gas from the pressure tank getting into the liquid line leading to the 
expansion coils. The liquid line from the condenser is provided, 
just before it reaches the liquid tank, with a pocket into which scale 
or foreign matter is precipitated. 

De La Vergne Can Ice Plant.—As illustrated by Fig. 6, exhaust 
steam from the engine which drives the compressor is passed first 
through grease separator A, in which the exhaust steam impinging 
on the water in the bottom of the shell and the baffle plate between 
the inlet and the outlet, precipitates any entrained oil. From the 
grease separator, the steam passes boiler feed water heater B, and is 
finally condensed in the surface steam condenser C, the condensation 
from which, together with that from the feed water heater, passes to 
the combined skimmer and reboiler D. 

‘In the reboiler the ebullition is effected in a central tank, concentric 
to which is a second or outer tank, the space between the two being 
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utilized as a skimming tank. The overflowing water in the jacket 
of the skimming tank prevents radiation of heat from the reboiling 
tank proper, and there being no ebullition in this outer tank to 
disturb the surface of the water, skimming is effected with a minimum 
loss of sweet water. From the reboiler, the water passes to the hot 
water storage tank, FH. 

In order to keep the remaining parts of the distilled water system 
filled at all times and thereby prevent any re-absorption of air which ’ 
might otherwise take place, a regulating mechanism is employed 
which in case of low water in the hot water storage tank, closes the 
valve through which the water passes into the hose of the can filler. 

Ordinarily, the hot, reboiled, distilled water from tank EH, passes 
through the condensed water cooling coil F, over which is showered 
cold water from the main supply line. The hot distilled water enters 
this cooler from below, and leaving the top of the water-cooling 
coil, again passes downward and through the deodorizer H. This 
device consists of a cylindrical shell of ample dimensions filled with 
charcoal. The water is introduced through a strainer under a false 
bottom, so perforated as to give the upward flow of water an even 
distribution over the entire cross-section of the filter bed. At the 
top, the water passes a second strainer from which it flows to the can 
filler. 

The liquid ammonia leaves the liquid tank at the bottom, through 
the main liquid line, a branch from which after passing through a 
strainer, is connected with the main suction line just above the com- 
pressor cylinder, and supplies liquid for regulating compressor tem- 
peratures while starting up, pumping out, etc. 

Just outside the main liquid valve a small connection is made into 
the main liquid line to which ammonia drums may be connected 
for charging the system. Beyond this connection, the main line 
passes to the cold storage rooms and branches out to the individual 
expansion valves on the various cooling coils. 

The ammonia gas returning from each coil passes through a 2-in. 
soft metal seated globe valve, which together with the expansion 
valve allows the individual coils to be pumped out, shut off and 
disconnected. 

The main suction line is provided with a scale separator or trap 
which prevents any scale or other foreign substances from entering 


and damaging the compressor and valves. 
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The compressor is lubricated by means of a small oil pump attached 
to the right hand side of the machine. The oil from this pump is 
forced through a three-way cock, through the piston rod stuffing 
box lantern and into the oil pot situated just above the stuffing box. 
The second line leading from the three-way cock connects with the 
pressure tank and through this line, the oil carried over with the 
ammonia gas may be blown back through a strainer into the lubricat- 
ing system. 

The system is arranged with by-passes so that the ammonia from 
any part of the high-pressure side can be pumped out and discharged 
into the low-pressure side. 

Through the connection between the suction and equalizing lines 
(shown just above the gage board in the cut), any stand of the 
condensers can be pumped out singly. 

Both the liquid and pressure tanks are provided with gage glasses 
so that the height of the oil or liquid ammonia can be readily observed 
at any time. 

The condensers are provided with a purging and equalizing header 
running the entire width of the battery of condensers connected with 
each stand through a half-inch soft metal seated valve. The impure 
gases collecting at the top of the condensers may be purged from the 
header through the blow-off valve. 

Any ammonia gas entering the oil pot from the stuffing-box 
lanterns or from the oil blown back from the back pressure tank 
passes up through the equalizer from the oil pot and enters the main 
suction from the top. A continuation of this furnishes the low- 
pressure gage connection, while the high-pressure gage is connected 
to the pressure tank. 

Exhaust-steam Refrigerating Machine.—Figure 7 illustrates a 
Carbondale exhaust-Steam, double-pipe type refrigerating machine 
which can be operated by engine exhaust, or from an ordinary heat- 
ing system. In fact, it is a by-product plant and the only power 
necessary is for driving the ammonia, brine and water pumps which 
seldom reaches more than one-third of a mechanical horsepower per 
ton of refrigeration, about one-fifth the power required to operate a 
compression plant under similar conditions. 

Operation of Exhaust-steam Refrigerating Machine.—The gen- 
erator is charged with sufficient aqua ammonia to cover the steam 
coils, and the absorber receiver is partly filled. The brine pump is 
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started and brine circulated through the cooler coils. Water is 
then turned into the machine, entering the bottom header of the con- 
denser, and after passing through it, enters the absorber. It circu- 
lates through the absorber coils, thence dividing, a portion enters 
the rectifier and the balance goes to the weak liquor cooler. Thus 
the water is used four times; each stage being at a somewhat higher 
temperature than the preceding, thereby greatly economizing water 
consumption of the machine. 

Steam is now gradually turned into the generator coils until full 
exhaust pressure is reached. As steam heats ammonia in the gen- 
erator, pressure in generator condenser and rectifier will rise until it 
reaches a point sufficiently high to condense the ammonia gas. 

As gas passes through the rectifier on its way to the condenser, cool 
water circulating through the rectifier chills the gas sufficiently to 
separate any entrained moisture which might be contained in it. 
Dry or anhydrous gas, passes to the condenser, where it is condensed 
and falls in liquid form into the anhydrous receiver. Liquid 
anhydrous ammonia thus formed is fed through the expansion valve 
into the brine cooler, the same as in a compression system. The 
expansion valve is throttled to keep a constant liquid level in the 
anhydrous receiver. 

Pressure in the brine cooler is much lower than that in the con- 
denser and this drop in pressure causes ammonia, on entering the 
cooler, to boil and absorb heat from brine in the coils. This changes 
it from liquid form on entering the cooler, into gaseous state on leaving 
it. The method of condensing ammonia gas and the refrigeration 
produced in the brine cooler are identical with methods of the com- 
pression system. 

Recovery of Ammonia Gas.—The problem is now to recover 
this gas. To do this, the weak ammonia liquor, left behind in the 
generator, from which the gas has been expelled by the heat in the 
steam coils, flows from the bottom of the generator, through the 
exchanger, and thence through the weak liquor cooler, into the 
absorber. Owing to the great affinity of water for ammonia gas, the 
weak ammonia liquor unites with the gas in the absorber as it comes 
from the brine cooler and forms strong liquor.’ 

This liquor is drawn from the bottom of the absorber by the 
ammonia pump, which discharges it into the exchanger, where it circu- 
lates around the coils that contain the weak liquor and then passes 
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into the generator. The exchanger answers the same purpose as a 
feed water heater in a steam boiler plant. It heats the strong liquor 
on its way to the generator and cools the weak liquor on its way from 
the generator to the absorber. The strong liquor is now back in the 
generator, ready for redistillation, and the cycle is complete. 

Ammonia Compressors.—Of the many types of ammonia com- 
pressors manufactured, it seems the concensus of a majority of users 
as well as manufacturers, that the horizontal type of compressor is 
preferable, on account of less cost, greater accessibility and impossi- 
bility of serious derangement. 


Fic. 8.—Vilter, plate valves. 


Ammonia Compressor Valves.—Figure 8, illustrates a set of 
“Plate” valves for suction and discharge of ammonia compressors, 
of the Vilter type, which are made of thin, hardened steel and ground 
to true surface. 

Being of inappreciable weight inertia is small even at high speed 
and in consequence noiseless operation may be obtained at high 
rotative speeds. On account of peculiar construction, which allows 
large valve area, it is possible to keep the gas velocity through the 
ports down to nominal, even at high speeds. The eight suction and 
eight discharge valves in each cylinder are identical in construction 
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(but of different sizes) and are only dissimilar in the manner of being 
placed in the valve chambers. 

Vilter Compressor Cylinder.—The ‘‘porcupine” construction is 
shown by Fig. 9, the four upper valves at each end of the cylinder 
being for suction, the lower ones for discharge. As stated, the dis- 
charge valves are less in diameter than the suction valves. 


Fig. 9.—Vilter, high speed compressor cylinder. 


De La Vergne Ammonia Compressor Valves.—In speaking of their 
compressor valves, this concern submits that one of the most impor- 
tant features of the new compressor for operating at high speeds is 
the design of valve employed to meet the unusual conditions. The 
service demanded of valves in compressors running at from 50 to 
75 r.p.m. is not to be compared with the work which must be per- 
formed by valves in cylinders which are operated at approximately 
200 or more r.p.m. 

Lightness is an absolutely essential quality for rapid opening and 
closing. The lift must be comparatively small, but at the same time 


MECHANICAL REFRIGERATING—ICE MAKING 873 


there must be ample opening for the quick passage of gas. To 
sustain rapid action, material must be of the very best. 

We first adopted the well-known plate design, which had been 
successfully used in high-speed air compressor work for several years. 
It was found that these valves would meet all the usual requirements 
in ammonia compressor work, except where the pressures became 
extreme, and the latest type of valve designed by our engineering 
staff is designed to overcome the troubles of plate valves when pres- 
sures are excessive. 

The new valves are of the feather variety and are arranged in the 
compressor cylinder as shown by Fig. 10 which illustrates a longitu- 
dinal section of a high-speed horizontal ammonia compressor. The 


Fie. 10.—De La Vergne, high speed ammonia compressor. 


same arrangement of valves prevails—suction on top and discharge 
at lower side of cylinder. The suction and discharge valves are 
interchangeable by simply reversing their relative positions in the 
cylinder. 

But standard compressors put out by this company have their 
valves arranged in an entirely different manner as shown by Fig. 10. 
Both suction and discharge valves open to a pocket from the cylinder, 
both valves being located beneath the cylinder and at each end 
thereof, with this arrangement, it is utterly impossible for valve 
failure or breakage ever to drop portions of the mechanisms into the 
cylinder as is possible with the ‘‘porcupine” arrangement of valves. 

De La Vergne Standard Compressor Valves as shown by Fig. 11, 
are arranged upon the gas-cushion principle, which offers a proper 
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cushioning effect for absorbing the constant shocks, and insures 
noiseless operation. In the suction valve the gas cushion chamber can 
be seen at the rear end of the housing or guide. In the discharge 
valve, the gas cushion is arranged in the valve itself. 

It will be noted that the discharge valve is so designed that the 
use of screws or other means of fastening the parts together are 
entirely avoided. The parts shown, when put together, are complete 
in themselves and are held securely in place by their own arrange- 
ment, after the bonnet is bolted on. In other words, there is nothing 


Fig. 11.—De La Vergne, standard compressor. 


to come apart or jar loose, and this in addition to the location of the 
valves below the cylinder—as already discussed—eliminates the 
possibility of an accident. 

The gas-cushioning device in these valves is a feature which 
eliminates the necessity of troublesome buffer springs, which fre- 
quently break and require replacement. Wear and tear is also 
saved and the noise of operation reduced to a minimum. 

Auxiliary Admission Port.—It may be seen by a close examination 
of Fig. 10, that an auxiliary admission port has been located on top 
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. and in the middle of the compressor cylinder. As visible in Fig. 10, 
the port is covered by the piston, but at the end of each stroke, is 
uncovered. By this arrangement a full charge of ammonia gas is 
assured during each suction stroke. Such condition is furthered by 
taking advantage of the inertia of the suction gas, the auxiliary suc- 
tion port being located immediately under the suction pipe. The 
action is similar to, only the reverse, of what takes place at time of 
exhaust in a uni-flow steam, or a two stroke cycle gas engine. 

The Vogt absorption refrigerating machine works in a very simple 
manner as may be seen by Fig. 12 herewith. This machine is of what 
its makers term ‘Tubular Construction.” They also manufacture 
machines of the “Atmospheric” and the ‘Double Pipe” types. 

The first step is pumping a strong charge of what is technically 
known as aqua ammonia, or, in plain terms, a solution of water and 
anhydrous ammonia, from the absorber into the bottom pipe of the 
rectifier. It is then forced upward through the inner pipes or tubes 
and out from the top through a pipe connected to the top of the 
exchanger where the strong liquid passes down through the inner pipes 
or tubes and out at the bottom through a pipe connecting with the 
ammonia generator. 

Within the generator, the ammonia gas is driven off from the strong 
solution by the heat in the steam coils, leaving a weak solution of 
aqua ammonia in the lower part of the generator. 

The generated gas, under pressure, passing out at the top of the 
generator, enters the rectifier through the top connection and is forced 
downward through the outer pipes. In transit through the rectifier, 
the strong aqua absorbing some of the heat in the gas, condenses what- 
ever moisture is in it. The gas passes out of the bottom of the 
rectifier into a separator where baffle plates separate the moisture 
from the gas. 

The moisture is trapped back to the generator while the dry gas 
continues to the condenser, where it enters at the shell or coils. 
Being brought into contact with the water-cooled surface of the 
condenser, the sensible as well as the latent heat of the ammonia if 
extracted, and the gas quickly liquefies. This liquid ammonia is 
conducted to the brine cooler or refrigerating coils where it evaporates 
by absorbing the heat contained in the brine or air surrounding the 
coils, thus performing the work of refrigeration. The vapor or gas 
thus formed is piped to the bottom of the absorber. 
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The weak aqua ammonia, in the meantime, passes from the bottom 
of the generator to the bottom of the exchanger and flows upward 
through the outer pipes for the purpose of exchanging the heat with 
the strong aqua ammonia flowing downward through the inner 
pipes. 

From the top of the exchanger, the weak aqua is conducted to the 
bottom of the weak aqua cooler, flowing up through the outer pipes to 
be further reduced in temperature by cooling water passing down 
through the inner pipes. Finally it flows in the top of the absorber 
where the ammonia vapor from the refrigerating coils, owing to its 
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Fic. 12.—Vogt, tubular, absorption refrigerating machine. 


great affinity for water, is rapidly absorbed by the weak aqua, forming 
again the strong solution of aqua ammonia. The double cycle of 
circulation is thus completed. The same operation is repeated 
indefinitely. 

The Carbondale Compression System makes use of the Worthington 
ammonia compressor and feather valve which is perhaps the most 
simple of all valves of this class. As shown by Fig. 13, the valve 
consists of strips of light steel, restrained, but not rigidly secured 
at the ends, and free to lift from the seat in the middle to permit 
the passage of gas. Each element of the valve, therefore, consists 
only of a light, thin, rectangular metal strip, covering when seated, 
a somewhat smaller slot. 

The valve seats on a perfectly flat ground surface, is of such length 
that its flexure, while slight, is also perfectly free and uniform and 
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_ is of such flexibility as to lie, when under pressure, in full contact with 
the seat throughout its whole length. 

The valve has no springs to break, no plates to crystallize, and no 
point of rigid connection with its seat. It is of the utmost simplicity, 
and is not exacting in its requirements of materials. Aside from its 
being simpler than any other valve, aside from its complete freedom 
from springs, rigid connection or other complications, it has three 
unique and very material advantages over any other type of valve: 

1. The valve seats by contact and not by impact. The ends of 
the valves, when the center lifts, remain in contact with the seat so 
that the closing of the valve instead of being an impact, noisy and 
destructive, as would be the case with any other high lift construc- 


Fig. 13.—Worthington, feather valves. 


tion, becoines merely an increase in point of contact, beginning at the 
ends and extending to the middle. Besides relieving the usual 
destructive impact, the contact closing greatly reduces leakage as well 
as valve slip as the crank passes center. 

2. The valve is lighter and more flexible than any other form of 
valve, plate or otherwise, and its inertia in either opening or closing 
is less by the relative squares of its weight and the weight of other 
valves. This reduction in inertia is not only accompanied by 
corresponding reduction in opening friction, but by a still greater 
reduction in closing wear, as the destructive part of the action of other 
valves lies entirely in violent and abrupt seating of the valve at point 
of closing. 

3. Port opening. As a result of the above two characteristics 
(contact seating and extreme lightness) with the resultant freedom 
from destructive impact, the valve, can and does in its normal opera- 
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tion, lift sufficiently to give opening through the double ported lift 
approximately equal to the area of its seat. 

Ammonia Rod Metallic Packing—Mr. France of the France 
Packing Company, writes that in order for a metallic packing to be 
successful on an ammonia rod, it must be of the floating type, as no 
piston rod travels true. Either the piston or cross-head will wear or 
the rods spring out of line, and the packing must be one that the 
engineer cannot fool with, that is, tighten up and slacken up, for 
he will tighten the packing and then it will burn out when hot. So 
we have a metallic packing, which is bolted up permanently with 
metal gaskets and we have cases where it has given 15 years 
continuous service. 

The packing box should be 2 in. larger in diameter than the rod 
should be at least 9 in. deep. For a double-acting machine, the box 
should be drilled 414 in. from the bottom of the box, for a gas vent 
to suction. The bottom of the box and gland should be square. On 
single-acting machines, no vent is necessary. Oil is admitted outside 
of the packing. 

Installation of France Packing.—The parts are all lettered and 
numbered. When putting on the packing, it is only necessary to see 
that the rings are put together as lettered. The lettered sides of the 
rings must face toward the pressure and must correspond with the 
letters opposite grooves of case. The small pin in the steam ring is 
entered between segments of its companion ring marked A.C.E. 
Otherwise the case would not go together. 

Space the rings according to grooves in the case. Screw the case 
together tightly and push it into the stuffing box with the vulcanized 
gasket at each end. Screw the gland tight enough to make a joint. 
There is ample space in the grooves to allow the rings to move, should 
the rod be out of line or vibrate. When made necessary by the rod 
traveling badly out of line, an all-metallic packing may be used, and 
the vulcanized gaskets replaced with lead. 

France Packing Ring and Segments.—Figure 14 shows one of the 
“steam” packing rings, each of which is cut in three sections, the 
cuts making the faces of contact, being in the lines of an equilateral 
triangle, whose center coincides, with the center of the rod to which 
the rings are fitted. As the ring is expanded or contracted, the 
sections must move in or out on the line which divides the angle 
between the faces of contact. This line being radial to the rod, so 
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- long as the rod is round, the sections will be moved in or out radially, 
equal distances from the center of the rod, which is also the center of 
the triangle formed by the lines of the cuts, and therefore the triangle 
is preserved. The right-hand diagram in Fig. 14 shows the segments 
of packing between the “‘steam”’ rings. 

When in course of time, the ends of the segments A, A, A, come 
too closely together and the packing begins to leak, cut off about 3< 
in. of one of these segments, also cut about 1¢ in. from the tip end 
of each segment B, B, B, as shown by the dotted lines in either 
instance. Cut off each of the rings in this manner, also cut off the 


‘[itoffabouty as When together cut 
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Fig. 14.— France, packing rings and segments. 


spring so it will hold the segments to rod with a slight tension, put the 
segments together again as numbered and lettered, and the packing 
will run tight for a number of years longer. 

Standard All-metallic Ammonia Rod-packing.—Figure 15, illus- 
trates a form of packing good for 200 lb. pressure, and which has run 
continuously for 15 years without renewal or attention save to cut 
back the segments as described in the preceding paragraph. As 
described elsewhere and shown by Fig. 14, each section of this pack- 
ing consists of two rings of three segments each, cut radially and 
triangularly as shown, and dowelled together to break joints and held 
to the rod by a compression spring made of a metal unaffected by 
steam or ammonia. 

Figure 15, shows a packing in two sections, one of three, the other 
section consisting of four double rings. For steam service, up to 150 
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lb., the three-ring section alone may be used. For gas engines, the 
three-ring section may be used with a two-groove section of “‘fire”’ 
rings between the three-ring section and the engine cylinder, with 
an oil tap located between the three-ring sections and the “‘fire-ring”’ 
sections. 

For pressures, in steam engines, up to 200 lb., the four-ring section 
of packing may be used, but for ammonia rods, the seven-ring layout 
as shown by Fig. 15 should be used with the addition of the three 
swab rings for oil, shown outside of the oil reservoir. The manu- 
facturers of France packing claim that an engine with no governor 
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will run from 5 to 15 r.p.m. faster when packed with metal packing 
than when packed with fibrous packing with the same throttle and 
pressure. A horsepower costs from $40 to $60 per year. A 3-in. 
rod, packed with fibrous packing with a steam pressure of 125 lb., will. 
take 5 hp. to drive it 600 ft. per minute. 

With metal packing, it will take less than 14 hp. Then they 
add: ‘Figure it out. You can prove it in your own plant!” 

The Counter-current Principle.—In this type, the hot discharge 
gas is led into the bottom pipe where it meets the effect of the warmest 
water. The difference of temperature being very great, the heat 
transfer is practically the same as if the gas had met the coldest water. 
Moreover, as the gas ascends through the condenser and decreases 
in temperature, it meets colder and colder water, thus maintaining 
the maximum temperature difference at all points and consequently 


MECHANICAL REFRIGERATING—ICE MAKING 881 


the maximum rate. of heat removal. Finally, when the gas is con- 
densed, it meets the’ coldest water, and this insures the lowest 
possible head pressure. The liquid formed is super-cooled, thus 
adding to the available refrigeration per pound of ammonia 
circulated. 

It might also be pointed out that a portion of the cooling water is 
lost by evaporation, and the cooling done by a small quantity evapo- 
rated in this manner, represents a large percentage of the total. 

Double pipe ammonia condensers do not have this advantage. It 
can therefore be considered as a favorable point in atmospheric 
types. 

Ice-plant equipment in its completeness requires the following: 

1. If operated by steam there would be a boiler plant, including 
smoke stack, feed pump, feed-water heater, steam and exhaust con- 
nections. With a highly economical plant the boiler would be of 
the high-pressure type and include a superheater. 

2. Compression side, including ice-making machine with steam 
engine, electric motor, oil engine or other form of prime mover; 
ammonia condensers with watertight pan or floor; liquid receiver, 
ammonia and oil separator, scale separator and all engine house 
connections. 

3. Freezing system, comprising freezing tank, agitator, brine 
cooling coils or brine coolers, with headers, valves and connections 
covers and framework, traveling crane and hoist, dumping and 
thawing apparatus, can filler and hose. 

4. With a raw water plant there would be a blower or air com- 
pressor, aerating system, air tubes, dehumidifier, filter, etc. 

With a distilled water plant there would be a distilling system, 
including grease separator, steam condenser, reboiler and skimmer, 
hot water storage tank, condensed water cooler, charcoal filter or 
deodorizer. . 

5. Refrigerating piping and connections for ice-storage room. 

6. Water circulating pump and all water and drain piping through- 
out the plant. 

Brine pumps should not be made of brass, or of iron brass-fitted, 
as both are short-lived when used on brine. The all-iron cast pump 
is to be recommended for brine or calcium chloride solutions. 

Ice saws should form a part of ice-plant equipment where retail 
trade is to be handled. A sort of swing-saw is arranged whereby 
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large can-cakes of ice can be quickly cut into various sized pieces to 
suit customers, without waste and without giving either over- or 
under-weight to the patrons. 


Fig. 17.—La France mask in use. 


Automatic refrigeration plants are entirely self-contained and 
require but very little care or attention. Such an installation is 
shown by Fig. 16, and supplies refrigeration for a large building as 
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well as pure ice for table use. Plants of this description can be 
obtained of almost any capacity. 

Protective masks should be a part of the equipment of each and 
every refrigerating plant wherein ammonia gas is used. There are 
various kinds of protective masks, some of which are intended to be 
used with pure air inside, which is sent to the mask through a tube 
of any length up to 100 ft. or even more, provided the pump used 1 is 
powerful enough. 

Another form of mask uses a chemical known as ‘ Absorbit”’ 
and requires no hose or air pump. The absorbent material is con- 
tained in a canister attached below the mask and carrying a recording 
dial which indicates how long a canister has been used. Some masks 
are fitted with two canisters, one being kept in reserve for emergencies. 

The La France mask as shown by Fig. 17, is the outcome of 
Governmental research war work, supplemented by industrial require- 
ments. The canisters are filled with an absorbent which is claimed 
to give protection from stronger fumes and for longer periods than 
any other absorbent known. Canister tests for intermittent service 
show full protection an hour a day for 8 days in ammonia fumes 
strong enough to burn the skin in 5 min. 

These canister absorbents contain no acids and are said to be the 
only materials which do not heat up and cause steam or injurious 
gases when used in strong ammonia fumes. 

Emergency Relief in Ammonia Accidents.—The following simple 
rules were formulated by W. F. Niebling in January, 1922, Refrigera- 
tion, and every refrigerating worker should learn them by heart. 

In case of accident whereby any one has been overcome with 
ammonia fumes, summon a doctor. This is important. Then 
apply the following external remedies: 

For the Eyes.—First pour a 1 per cent solution of pure boric 
acid into the eyes, instructing the patient to open and close the lids 
rapidly to bring the solution in contact with the inner surface. Use 
freely, as solution is harmless. 

For the Skin.—Apply lint, linen or washed muslin dripping wet 
with carron oil, changing the dressing frequently. Carron oil soon 
becomes rancid. A fresh solution should be prepared each time by 
thoroughly mixing equal parts of lime water and linseed oil, 

For the Nose and Throat, if Ammonia is Inhaled.—Dip a handker- 
chief or a piece of gauze folded once in vinegar, wring out lightly, 
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and lay loosely over nose and mouth. (If liquid ammonia has entered 
the nose, snuff up some diluted vinegar and apply sweet oil with a 
chicken feather to inner surface of nostrils.) 

If Ammonia Has Been Swallowed.—Administer diluted vinegar 
or have patient suck orange or lemon juice in liberal quantities and 
follow up with one to four teaspoonfuls of sweet oil, milk or the whites 
of three or four eggs and ice. (If vomiting is present, aid it by giving 
liberal draughts of lukewarm water.) 

General Information. —Ammonia gas is lighter than air and, being 
released, rises. Therefore, in case of accident keep your head as 
low as possible. 

On going to the rescue of one overcome with ammonia gas, keep 
near the floor and place a wet sponge or cloth over the mouth and 
nostrils. Water will absorb the gas and prevent its inhalation. 

Keep the Following Supplies on Hand in a Clean and Easily 
Accessible Cabinet: 

A 1 per cent solution of pure boric acid. 

One bottle clean, pure vaseline. 

One package surgeon’s lint or muslin. 

One package plain gauze. 

One pint best quality vinegar. 

One pint sweet oil. 

One pint carron oil (linseed oil and lime water, equal parts, to be 
mixed at time used). 
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SECTION XXV 
ELEVATORS-—-ELECTRIC—-HYDRAULIC 


Electric elevators are divided into two general types, the traction 
type and the drum type. With the traction type the drive is 
“obtained by means of ropes which pas pass around the grooved driving 
“sheave, one end of the ropes: being fastened to the _car and the other 


“end to the ‘counterweight. “To Increase ‘the traction a secondary 
sheave is used, see Figs. 1 and 2. The rope passes from the "car ~ 
“-around the traction sheave, around the secondary sheave, again arou round 
the traction sheave and then to_ 


Traction Sheave . 

< the counterweight. With the 
Sar agar drum type the ropes are wound 
“Secondary... around spiral grooves on the 

sheave : drum, one end of the ‘Topes be-_ 
dale Shreaie ing feted to either the car or_ 
“the counterweight and the other 
panei rag end to the drum. There are 
Chain or Ropes also in existence a number of 


drum elevators of the belted 
ot! type, though these are not now 

Fics. 1 and 2.—Roping of traction manufactured to any great ex- 
plete: tent. These machines were in- 

stalled for car speeds of about 50 ft. per minute. The power is 
transmitted to the machine from an individual electric motor or 
lineshaft by means of belting. 
Traction elevators are divided ir into two types, the gearless and the 
eared. With the gearless type the driving sheave is mounted 
directly on the armature shaft, eliminating all intermediate gearing 
between the motor and the drive, whereas with the geared machine 
a gear reduction is provided, usually of the worm and gear type, 
between the motor and the driving sheave. _The gearless machines 
are used 1 in¢ connection with high- speed elevators, whereas the geared 
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machines are used with moderate- and slow-speed elevators. The 
geared machine permits the use of a high-speed motor. The gearless 
machines are used with 1:1 ratio of roping for high speeds and with 
2:1 roping where high car speeds are not required, see Figs. 1 and 2. 


Tia. 3.—Latest type gearless traction micro-drive elevator. 


With 2:1 roping idler sheaves are provided on the car and on the 
counterweight as in Fig.2. The ropes pass around these idler sheaves 
and over and around the driving sheave of the machine, the ends of 
the ropes being fastened to the overhead construction at the top of 
the shaft by means of dead end hitches. 
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Gearless traction machines with a 1:1 ratio of roping are used for 
car speeds of 500 to 800 ft. or even 1,000 ft. per minute and they are 
made to handle loads of 2,000 to 4,000 lb. Gearless machines of the 
2:1 ratio are made for car speeds of 250 to 450 ft. per minute and 
they will handle loads up to 12,000 lb. 

Geared machines are used for moderate and slow-speed service, the 
car speeds not exceeding 400 ft. per minute and with capacities 
ranging from 1,000 to 20,000 lb. or more. 

_An inherent safety feature of the traction drive is the reduction 
_of the ‘tractive effort upon the bottoming of the car or counterweight 
which eliminates the possibility of 
either of these being drawn into~— 
“the overhead _ work. 


“Winding Drum~. 
AG, 
NA Auxiliary 


Oded “Figure 3 illustrates the latest 
type of the gearless traction micro- 
drive self-leveling elevator. 
Rene Dron np Drum elevators should be re- 
Gounterneight MO" stricted to speeds not exceeding 250 
| | ounterweight ft. per minute. The car travel of 


Fres. 4 and 5.—Roping of drum a drum machine is necessarily 

elevators. limited owing to the fact that with 

very high car travel the side travel 

of the ropes on the drum would be excessive. This necessarily 

limits the car travel with this type of machine, whereas with trac- 
tion machines the travel is practically unlimited. 

The roping arrangements for the drum type elevators are as shown 
in Figs. 4 and 5. Not less than two hoisting ropes are provided from 
the car to the drum and two ropes from the drum to the counterweight. 
For installations with heavy cars not less than two additional 
ropes are provided from the car to a separate car counterweight, 
for the purpose of relieving the load on the main bearings of 
the machine. 

Elevator Gears.—In geared elevators the usual practice is to pro- 
vide a worm and gear, the worm gear being made of special bronze, 
the worm being made of high-carbon steel. Best practice requires 
that the worm and worm shaft be made integral, without the use of 
keys. Gears of the herringbone type have been used but not to any 
great extent. With worm gear drive, thrust bearings are provided 
to take up the end pressure. 
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Elevator motors are made for either direct or alternating current 
_and fc for either one or more speeds, depending upon requirements. 


With 1 the gearless t traction type machines, shunt-wound direct-current 
motors are used, whereas with the geared type compound-wound 
‘direct-current motors, or single- or two-speed alternating-current ~ 
motors are used. The gearless motor is necessarily of the extremely 
low-speed type in order to permit direct traction drive, whereas with 
the geared machines moderate and high-speed motors are used of 
either alternating-current or direct-current type, speed reduction 
being obtained by means of gearing between the motor and the drive. 

Motors for direct-current machines must be designed to give spark- 
less commutation and not to overheat when starting, stopping and 
reversing under the various loads to which they are subjected, and 
must havé a high starting torque with small current demand. For 
the gearless machines the motors are shunt wound and operate at 60 
to 140 r.p.m. The motors of geared machines run from 800 to 900 
r.p.m. The motors for worm geared machines start as compound 
wound machines. The series winding is cut out by shunting during 
acceleration until the motor operates as a shunt-wound machine at 
full speed. 

Alternating-current elevator motors may be of three types; poly- 
phase slip ring, polyphase squirrel-cage, and single-phase repulsion- 
induction. Two speeds are sometimes obtained with the polyphase 
motors by means of double windings. The slip ring motor has been 
used extensively in the past but this is being replaced by new designs 
of squirrel-cage motors. This type is much simpler on account of 
not requiring slip rings, brushes and external resistance with its short- 
circuiting control arrangement. The squirrel-cage motor has been 
improved to eliminate high starting current and over-heating under 
heavy service which it formerly possessed. The principal improve- 
ments consist in welding the rotor bars to the end rings and using 
large and well-ventilated rings. This design permits the use of high 
internal resistance which limits the starting current to about twice full 
load current. Usually an external resistance is inserted in the motor 
circuit at starting. This gives smoother acceleration and lessens the 
drain on the line at a time when the brake magnet also is being 
energized. 

Two-speed induction motors are usually employed for either high 
duty or high car speeds. Such motors have two starter windings. 
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One winding has a number of poles corresponding to the slow- speed 
and the other winding has a number of poles corresponding to the 
high speed. The high speed is usually three times or more the slow 
speed. 

With two-speed A.C. motors, dynamic braking effect is produced 
when changing from high to low speed, as the rotor rotates at a higher 
speed than the synchronous speed of the low-speed winding, thus 
causing the motor to act as an induction generator. This slowing 
down of the motor prior to stopping assists the brakes in making a 
smooth stop. 

The control isso Heed that the car may be operated at either 
high speed or slow speed. This is commonly done by short-circuiting 
the slow-speed winding, thus insuring that current is always on the 
motor and therefore it will not tend to run away. 

Elevator brakes should be of the electric-magnetic type, the brake 
shoes being applied to the brake pulley by a pair of heavy coil s Springs 

“when the machine comes to rest or should the power fail through any > 
reason, or upon operation of the various electric safety devices. The 
brake is released by a powerful electric magnet when the elevator is 
started. The brake pulley should be designed with ample diameter 
and surface to provide suitable braking power and afford proper radia- 
tion. In the case of geared machines the brake pulley usually serves 
as a coupling between the armature shaft and the worm shaft. 

In addition to the electro-magnetic brake a dynamic breaking effect 
is employed with direct-current machines to slow down the motor. 
This means that when the current is cut off the motor, a resistance 
is connected across its armature so that the motor acts as a generator. 
Under this condition the motor tends to slow down the car. 

Micro-drive Elevator.—Another type of elevator, which automati- 
cally makes the stops at the exact floor level is known as the micro- 
levelling elevator. As this type of elevator approaches the floor at - 
which it is to stop and arrives within the micro zone above or below 
the landing, the car is automatically brought level with the landing 
by an auxiliary motor, entirely independent of the operator. This 
level is maintained at the floor landing regardless of stretch of ropes 
or change of load of the car platform. The micro-levelling elevator 
machine consists of a main and a micro self-levelling machine 
mounted on a bedplate and is provided with a revolvingbrake. This 
brake connects the main drive to the micro-drive during levelling 
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operation and disconnects it during normal operation when not 
levelling. 

When the car reaches the levelling zone at which it is to stop the 
main motor is slowed down and cut out of service and the levelling 


Fig. 6.—Car safety device. 


motor automatically brings the car platform to a level with the floor 
landing. As soon as the main motor slows down the micro-levelling 
motor begins to operate and the main motor shaft is turned with the 
driving shaft of the micro-levelling section at a slow speed. When 
finally the car is at the exact level the micro-levelling machine stops. 
An auxiliary brake is provided on the micro-levelling machine. 
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Automatic Terminal Stopping. Devices.—Some means must be 
provided for preventing the car from overrunning its proper path 
of travel at both the top and the bottom of the shaft. On drum 
elevators this arrangement is taken care of by a device on the ex- 
tended drum shaft, which operates a series of contacts. The con- 
tacts automatically cause the car to reduce its speed when nearing 
the terminal landings, and finally to come to a rest. 

For the traction type of machine final limit switches are located 
in the hatchway beyond the extreme upper and lower terminals. 
The switches are operated by cams upon the car. The contacts of 
these switches are placed in series with the holding coil of the main 
contactors and also operate the brake. 

Governor Switches.—In order to prevent excessive speed governor- 
controlled switches are commonly employed. A centrifugal governor 
is located at the top of the hatchway and is driven by means of a rope 
attached to the car. If the speed of the car becomes excessive the 
governor operates to change the field strength of the motor and thus 
slow down the car. If the speed continues to increase a final switch 
is opened after the car safety device is thrown into action. 

Safety Devices.—The car safety device consists of a mechanism 
which is mounted in the bottom of the car and which grips the side 
rails when the car reaches excessive descending speed. As shown in 
Fig. 6 when the governor attains a certain speed the cable leading to 
the car safety device is gripped and held by the governor jaws. This 
unwinds the cable from the drum on the car safety device, and this 
action—by means of screws and cams—forces the safety jaws to grip 
the guide rails bringing the car to a gradual and positive stop. 

On many of the modern installations safety devices are also 
furnished for the counterweight where the weights are installed over 
passageways. 

Slack Cable Switches.—These are used on the drum type of eleva- 
tor for the purpose of stopping the car and preventing unwinding of 
the hoist ropes in case the car is obstructed in its descent. 

Car Safety Switch.—A small enclosed switch located inside the car, 
and so connected that it may be used to open the circuit of the poten- 
tial coil in case of emergency, is called a car safety switch. All 
electric elevators should be equipped with such a device. 

Terminal Buffers.—Buffers should be installed below the car and 
the counterweight. For freight and medium passenger service 
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these should be of the spring type. For high-speed service they may 
be of the self-returning oil type. 

Types of Elevator Control.—Elevators are controlled by one of the 
following methods: hand rope, car switch or push button. 

Hand rope control is the earliest and cheapest form and is used 
only with slow speed elevators. In this form a flexible iron rope 
passes through or alongside the car, from top to bottom of the hoist- 
way. It is connected at the top to the elevator control equipment. 
It actuates the control switches and makes contacts through which 
direction of travel, acceleration or retardation is accomplished. 
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Fic. 7.—Electric elevator control. 


Centering the rope opens the contacts and cuts off current, at the 
same time permitting the brake to set. (In the old type the brake 
was actuated. mechanically by means of this hand rope, being released 
when the rope was pulled in either direction.) In the more modern 
types the brake is electrically operated by means of contacts, which 
are moved by the hand rope. Near the top and the bottom of the 
hand rope are clamped metal stop balls which are actuated by a pro- 
jection on the car for engaging with these balls when the car reaches 
the limits of travel. This prevents the car from going too far in 
either upward or downward direction. 

The diagram shown in Fig. 7 is simplified to show only the princi- 
ples of control. It represents the control used for a hand rope direct 
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current elevator. The motor is compound wound. The series field 
is used only at the start to give necessary starting torque and is short 
circuited when full speed is attained. The controller consists of a 
mechanical reversing switch, an accelerating magnet and resistance, 
and a potential switch. The controller is operated either by the 
hand rope or by the machine itself engaging balls fastened to 
the rope at the limits of travel. Pulling the rope moves a shipper 
drum on the controller. This drum rotates in one direction or 
the other, depending in which way the rope is pulled. The drum 
transfers its motion through the shipper bar and gear to the 
cam which controls the closing of the reversing switch arms and 
also the arm which makes contact for the brake, potential coil and 
accelerating coil. 

When the shipper arm is rotated to a certain extent the reversing 
switch is closed in either the upward or the downward position. The 
contacts of the reversing switch are closed as shown in the drawing. 
No current flows until the shipper arm is rotated further. When the 
arm is turned further the long arm having one long contact first 
connects one side of the brake to the positive side of the line. A 
further movement completes the circuit for the potential coil. 
This coil closes the potential switch. This completes the circuit 
for the brake coil, releasing the brake. At the same time it completes 
the circuit through the armature which is now in series with the series 
field coil and the starting resistance. The motor immediately begins 
to rotate. The arm then completes the circuit through the coil for 
the accelerating switch. This accelerating coil closes the contacts 
on the accelerating switch one by one, starting at C1, then C2 and C3. 
Finally it closes contact C, thus shunting out the series field and the 
motor is operating as a shunt machine. This allows the motor to 
come up to full speed. 

To stop the machine the operator brings the reversing switch to 
the neutral position by means of the hand rope. This opens all the 
circuits in the following order: First, the accelerating coil which 
then inserts the series field and starting resistance; second, the coil 
for the potential switch which interrupts the main line circuit which 
cuts current off the brake and causes it to act and also cuts current 
off the armature; third, the contacts of the reversing switch open. 
This reversing switch does not break a current because this has 
already been done by the opening of the potential switch. This 
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potential switch has a strong blowout coil which blows out the are 
and eliminates burning of contacts. 

At the upper and lower limits of travel there are limit switches 
which are opened by a cam on the car if the car goes beyond its 
proper bounds of travel. These limit switches on opening, break the 
circuit of the potential coil and thus stop the elevator in the same way 
as it would be stopped by pulling the rope. 

In the car there is also a safety switch to be used in emergency 
which when opened will open the potential coil. The door and gate 
contacts are also in series with this potential coil. If any of these 
contacts are opened the potential coil cannot be energized and the 
elevator cannot be started. 

On drum-type elevators there is provided what is known as a slack 
cable switch. If the cable becomes slack it opens the contacts of this 
switch which is in series with the potential coil. This will stop the 
elevator. 

Alternating-current Elevator Control.—The principles of control of . 
alternating-current elevators are the same as those for direct-current 
machines. Fora polyphase motor the reversing switch reverses ‘two: 

“of the motor leads thus-changing-its-direction of rotation. A resis-_ 

tance | may be used_in. series with the.stator circuit for starting. This 
resistance. reduces s the starting. torque.of the motor and thus prevents 
a jerk on the car 

For two-speed induction motors the controller first connects in one 
motor winding which has a small number of poles. When the speed 
has increased another winding which has a greater number of poles 
is thrown into action. 

Although slip-ring motors are not as popular as they were formerly 
for elevator service some of them are still in use. These motors are 
started with resistance in the rotor circuit, the resistance being cut 
out as speed increases. 

Car Switch Control.—Control by means of a hand switch in the 
car is now the most widely used for all kinds of services. When 
this switch is moved from its central position the various magnet 
coils on the controller are energized. These coils complete the 
circuits that control direction, acceleration, retardation and operation 
of brake. Centering of the switch by hand breaks these circuits, 
applies the brake and stops the machine. The switch if released will 


automatically take the center position, 
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The principles of control by means of a car switch are about the 
same as those employed for hand rope control. The reversing switch 
in this case consists of contactors operated by magnets. energized by 
the switch in the car. With some elevators resistance is inserted 
in the shunt field in order to give increased speed. The limit switches 
in this case may be in two sections, the first section will slow the car 
down while the other will stop it. 

Sometimes the governor which operates the car safety device is 
arranged with electrical connections so that the potential coil is 
de-energized if the speed becomes excessive. The potential switch 
will be opened at a speed slightly lower than the speed at which the 
safety device will clamp the rails. Thus the car will be brought to a 
more gradual stop. 

In addition to the devices shown in the diagram an overload and no 
voltage device consisting of a potential switch and an overload mag- 
net is sometimes employed. This device will interrupt the main 
current supply in case of an overload or a drop in voltage below a 
certain value. 

Automatic or Push-button Control.—Automatic control by means 
of push buttons has been developed for all types of elevators. With 
the common form of button control there is a button on each landing 
for calling the car to that floor. Also in the car there is a panel 
carrying a button for each floor. The car is sent to any floor by 
monentarily pressing the correct car button. When the car arrives 
at the proper floor it stops automatically, and a cam on the car 
releases the door. The gate cannot be opened without opening the 
electric circuit which will cause the car to stop. 

There are two styles of cams for operating the lock on the door. 
One of these is a fixed cam on the car which releases each lock in turn 
at the moment when the car is passing that floor. The other type is 
one which comes into operation only when the floor of destination is 
reached, when it is automatically pulled into service by a magnet or 
motor on the top of the car. As soon as the car is sent to another 
floor the cam automatically retires. The floor stops are accom- 
plished by means of a controller geared to the driving shaft of 
the elevator machine. This controller actuates fingers which 
form contacts for the respective floors. The circuit is completed 
for a floor only when the switch button for that floor has been 
pressed, ‘ 
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One of the vital safety features of the automatic elevator is the 
lock for the hoistway door. This lock should be so designed that the 
car may be started only when the lock bolt has entered the keeper 
and the door is not only closed but unquestionably locked. 

The automatic or push-button control depends upon relays or 
magnets to perform all of the operations. These relays are put into 
action by pressing buttons in the car or at the doors on the landings. 
These systems are too complicated to explain fully here. 

The micro-leveling elevator is described in principle elsewhere in 
this book. Therefore no attempt will be made here to go further 
into the details of its control. 

Dispatcher Type of Automatic Control.—For use in freight and 
warehouse service, where the stopping on any given trip will prob- 
ably be only at one floor, a special form of push-button control has 
been developed. With this control a dispatcher is located on the 
main floor to guide the travel of all elevators. He has dispatching 
buttons corresponding to each floor for each elevator. When a car 
is loaded he sends it to the correct floor, where it automatically stops. 
_ After the car is emptied the attendant closes the door which automat- 
ically signals the dispatcher who sends the car wherever desired. This 
type of control was made possible through the development of the 
micro-levelling elevator. 

Multi-voltage Control System.—By means of this system the 
voltage is divided into equal steps successively applied to the 
motor without any external armature resistance. This usually 
results in a considerable reduction in power consumption as well as 
better and smoother acceleration. Four voltage steps are usually 
sufficient. Where the power is direct current the four steps are 
obtained by floating four direct-current armatures in series across the 
line, all the armatures being mechanically connected. Usually two 
armatures are combined in one armature having two separate wind- 
ings and two commutators. Where the primary power is alternating 
current the four armatures are driven by one alternating current 
motor. 

These four armatures are called a multi-voltage balancer. The 
capacity of the balancer is only a fraction of the sum of the capacities 
of the elevator motors supplied from it. The elevator motors are so 
connected to the balancer that half of them start from each side of 
the line. During the time when the elevator motors are connected 

57 
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to the line the balancer is relieved of their load and the balancer 
supplies at any time only the unbalanced current required as the 
balanced current comes directly from the line. 

Care and Operation of Electric Elevators.—Open the main line 
switch when preparing to clean, oil, or repair any part of the 
machinery, Keep all parts of the mache and the controlling device 
scrupulously clean; a pair of hand-bellows should be used to I blow 
the dust from the TEEN and other parts of the apparatus that ¢ can-_ 
not be conveniently reached. All other parts must be wiped clear clean. 

Cleaning and Oiling.—Motor bearings have automatic feed rings > 
or chains which should always turn freely, and the oil chambers must 
be kept sufficiently full of motor bearing oil to insure the rings dipping 
into it. 

On micro-drive or self-levelling elevators the levelling motor bear- 
ings have automatic feed rings which should always turn freely, and 
the oil chambers must be kept sufficiently full of motor bearing oil to 
insure the rings dipping into it. 

Use only worm-gear lubricant for the worm and gear and keep the 
gear case filled to a point just above the top of the worm shaft; the 
stand pipe on the side of the gear case should be used to determine 
the height of the oil. To remove sediment and grit, drain the oil from 
the gear case three or four times a year. Refill with fresh lubricant. 

Worm-shaft bearings are automatically oiled from the gear case 
and oil should be allowed to drip slowly through the worm-shaft 
gland to insure a perfect lubrication of the bearings. Use a pan to 
catch the oil but do not use oil again without straining and then only 
once. 

The worm-shaft stuffing-box must be kept packed with square 
braided flax packing. The gland adjusting nuts must be tightened 
evenly to prevent binding the worm shaft but not tight enough to 
prevent drip of oil. 

Main sheave shaft bearings should be inspected every day to make 
sure they are well lubricated. Traction machine oil or compression 
cup grease should be used, depending on type of lubricating device. 

All parts of the governor must be kept well lubricated so that they 
work freely and easily. 

The secondary or deflector sheave bearings must be kept well 
lubricated. Oiling chains, where used, should turn freely and the 
bearings should be kept properly filled with traction machine oil, 
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Where wick-feed oil-cup lubrication is used keep cup filled with 
traction machine oil, making sure that waste in bearing pockets is. 
thoroughly saturated. If compression grease cups are used, keep 
well filled with compression cup grease and sufficiently compressed 
to feed lubricant properly. 

Overhead sheave bearing boxes should always be packed with 
compression cup grease. (Be sure that the grease reaches shaft.) 

Ropes should be kept thoroughly. slushed with wire rope lubricant. ’ 
This may be conveniently applied with a brush. 

On guides use guide lubricant. 

Secondary sheave bearings and car and counterweight 2:1 sheave 
bearings should be lubricated by means of compression grease cups 
filled with compression cup grease and sufficiently compressed to 
feed lubricant properly. These bearings should be frequently 
inspected. 

Vibrator sheaves should be lubricated by means of compression 
grease cups filled with compression cup grease and sufficiently com- 
pressed to feed the lubricant properly. 

The armature and secondary sheave shafts of certain types of 
traction machines have ball bearings provided with grease chambers 
charged with ball-bearing lubricant. These chambers should be 
occasionally replenished with a suitable grease lubricant that is free 
from acid, for which purpose a grease charging purap is used. 

The secondary sheave bearing of the 1:1 traction machines should 
be given the same care and attention as the machine bearings. The 
oil chain should turn freely and the bearings be properly supplied 
with traction machine oil. Also lubricate the car and counterweight 
sheaves on 2:1 machines and the round rope compensating sheaves in 
the pit, when used. 

Drum shaft bearings should be lubricated every day. 

Oil buffers when used under the car and counterweight should be 
examined frequently to make sure they are properly filled with buffer 
oil. 

Safety devices on the car frame should be examined at frequent 
intervals, and all working parts kept clean, well lubricated and free 
from rust. 

Adjust the brake springs to hold the load properly. Set the brake 
shoes so that they just clear the pulley when released. If a piece 
of thin paper can be passed between the shoes and the pulley, the 
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clearance is sufficient. In case the clearance of the brake shoes is too 
great, they should be reset to give the proper lift. The brake pulley 
and brake shoes must be kept dry and clean. Under no circum- 
stances put oil on the brake pulley or brake shoe linings. In the case 
of an alternating-current machine the brake magnet must be kept 
well filled with brake magnet oil. When necessary to remove 
the brake shoes for cleaning or repairs, the empty car should be 
left at the top landing with the counterweights securely blocked up 
in pit. 

Care of Electric Parts.—On direct-current machines to preven 
sparking at the commutator when adjusting or renewing the brushes, 
fit them to a full bearing with a strip of fine sandpaper—never use 
emery cloth. This may be done by placing the paper between the 
commutator and the carbons (sand side against carbons) and drawing 
it back and forth by hand. The carbons must always project 
beyond the holder so that the holder will not bear on the commutator. 
Brushes should be staggered to distribute wear evenly on the com- 
mutator. In case the commutator becomes rough it may be 
smoothed by holding a piece of fine sandpaper—never emery cloth— 
against the surface while the machine is running, after which it 
should be wiped clean. Care should be taken not to get hands 
across terminals as a bad shock might ensue. A canvas pad—never 
use waste—should always be used for eleaning the commutator. 
Sandpapering the commutator should be avoided as much as pos- 
sible. Polishing when new with canvas after being sure that the 
brushes do not spark and are properly bearing on the commutator, 
brings about the fine blue finish which renders the commutator less 
liable to damage. 

It is most essential to keep the commutator free from dirt and oils. 
This applies to the head of the commutator and the mica insulating 
ring at the base of the bars, as well as to the surface of the commutator. 

On alternating-current machines if the motor is provided with 
collector rings these should be kept clean and free from dirt and oil 
and the brushes must have a good even bearing on the rings. 

The switch on the car frame actuated by the safety mechanism 
should be frequently cleaned. If a switch is provided on the gover- 
nor, the contacts should be cleaned frequently. 

Controller device parts should be kept well lubricated so that they 
work freely and easily. 
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Final hatchway limit switches, governor switch, switch on safety 
plank, and stopping switches on car crosshead (slack cable switches) 
should be cleaned frequently and contacts renewed when necessary. 

Door lock cam magnet case should be kept filled with water topped 
with 1 in. of motor bearing oil for direct current and with motor bearing 
oil only for alternating current. Noisy cam magnet operation is an 
indication of low water or oil. 

Always close the hatch enclosure doors before moving car switch. - 
To start the car move the car-switch lever to the extreme right or left 
position. The up or down switches on the controller will then make 
‘contact and the safety switches will cut out a portion of the armature 
series resistance and increase the resistance parallel with the arma- 
ture until the last speed switch closes, which completes the circuit for 
the accelerating magnet and opens the resistance in parallel with 
the armature. The accelerating magnet automatically cuts out the 
balance of the resistance. 

If the elevator fails to start when the operating device is moved 
from its normal position or does not come up to full speed, center the 
operating device again, and look for the following causes: 

1. Open circuit in main line fuses. 

2. Open circuit in small control circuit fuses. 

3. Contacts of controller device not making proper contact. 

4. Switch actuated by car safety, governor switch, limit or stopping 
switch, gate or door contacts being open. 

5. Lack of lubrication in machine bearings, gears, or thrusts. 

If elevator fails to stop when operating device is centered, it will 
be stopped by the automatic devices at the top or bottom of the 
hoistway before the normal limits of travel are exceeded. Where 
hand rope controller is employed the stop balls on hand rope should be 
occasionally adjusted to compensate for stretch in hand rope. 

If the car should stop suddenly when descending, throw the oper- 
ating device tocenter. An engineer should examine the machine and 
determine the trouble. If the car safety device has set, and the eleva- 
tor is equipped with a wedge-type clamp safety, before winding up 
the rope on the safety drum under the car, be sure that the rope 
is held taut so that it will not kink on the drum. This is very 
important. 

If the elevator fails to stop when the car switch is in the stop posi- 
tion, open the safety switch and if this fails to stop the car apply the 
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hand emergency device in the~car, then examine the machinery to 
locate cause of trouble. 

The wrench for releasing safeties should not be kept in the car but 
should be placed in the hands of the building engineer or the attend- 
ant in charge of the machine. ; 

If the elevator is equipped with a flexible guide clamp or roll-type 
safety the safety rollers in the safety jaws should be inspected after 
an application of the safety, before the elevator is again started, to 
make sure that the rollers are in their correct position for the next 
application. This is very important. 

After any safety application a thorough inspection should be made 
of the governor, tension frame, and all parts of the safety mechanism 
before the car is again placed in operation. 

Never attempt to leave the car while it is in motion. 

Stop the car at the top and bottom landings by the operating 
device the same as at an intermediate floor. 

When the machine is arranged for lifting heavy safes, or other 
material considerably in excess of its normally rated load, additional 
counterweight is provided and for direct current a throw-over switch 
is usually provided for short-circuiting a portion of the starting 
resistance. Before attempting to lift a safe or other heavy material, 
be sure that the additional counterweight is added and that the 
throw-over switch, if provided, is thrown in the correct position. 
Then bring the car a few inches above the desired floor and by means 
of the socket wrench extend the locking bars into their extreme posi- 
tion and lower the car very slowly until the locking bars rest on the 
clips provided at each floor. After loading the safe on the platform, 
raise the car a few inches and withdraw the locking bars to their 
extreme inward position. Under no circumstances attempt toload 
a safe or other heavy object on the car platform without landing the 
platform on the clips and after loading the platform do not attempt 
to raise the car more than a few inches until the locking bars have 
been withdrawn. 

Some elevator companies maintain a service department the aim of 
which is to aid elevator users in the proper care of their elevators. 
The cost of this service is nominal and should save many times the 
slight expense involved. 

When ordering repair parts for an elevator, mention the number of 
the machine as stamped on the motor nameplate; also give the part 
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number and name as shown in the catalog, and when possible give 
the name of the original purchaser. 

Hydraulic eievators are designed as horizontal or vertical according 
to the position in which the lifting cylinder is placed. Horizontal 
machines are generally placed in buildings where there is ample 
floor space, while vertical elevators are used in buildings standing on 
small lots. 

Vertical elevators are made so as to lift the car by means of cables ’ 
and are geared up so that the travel of the piston is considerably 
less than that of the car, and they are also made so the piston, or 
plunger, pushes directly against the bottom of the car and lifts it to 
the top of the building. This type of elevator, is known as the direct 
plunger, or simply plunger elevator. 

Horizontal hydraulic elevators are designated as pushing or 
pulling machines according to the way in which the power is applied. 
In pulling machines, the water under pressure is admitted between 
piston and front end of cylinder and the piston rod pulls a set of 
moveable sheaves toward the cylinder and thus lifts the car. 

“Gear” of Hydraulic Elevators.—The lifting cables pass around 
two sets of sheaves several times, block and tackle fashion, then up 
to an overhead sheave and down to the top of the elevator car. 
Another set of ropes run up, Over a sheave and down to a counter- 
balance weight. 

The number of times the lifting cables wind around the sheaves 
determines the gear of the machine. The gear is always the ratio 
between the distance traveled by the car and by the piston. If the 
car runs ten times the stroke of the piston, the gear is 1 to 10, 
and so on for any other ratio. Horizontal machines are geared from 
6 up to 14 to one, the average being about 10 or 12. 

Vertical Hydraulic Elevators.—Figure 8 is a section of an Otis 
vertical lifting elevator cylinder and valve, which at A is in the posi- 
tion it takes when the elevator is at rest. At B, the position of the 
valve is that corresponding to the up motion of the car, while at C, the 
position of the valve for the down motion is shown. The pipe at 
the side of the cylinder is called a circulating pipe, and is to permit 
the water in the upper end of the cylinder to pass to the lower end, or 
circulate, while the elevator is running down. 

The easiest way to make a vertical cylinder elevator would be: 
Have the lower end permanently open, and let water into the upper 
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end to force the piston down-and the elevator car up. Let water 
out of the cylinder for the piston to run up and the car run down. 


ylinder 


Section of Elevator € 
Valve showing Working Parts 


Soy 


SZ 4 
NWN rocsswerersd MB te 0, 
On? a 


“aS ~ 


(GZZZA_L 


Fig. 8.—Vertical hydraulic elevator. 
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But with this arrangement, force acting to dr 
when at the top of the cylinder would be the pressure of the water 


only. When the piston is at the bottom of the cylinder the force 
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would be the pressure plus the weight of water above the cylinder. 
If the cylinder is, say, 30 ft. long, water would increase the pressure 
nearly 14 lb., hence, when the car is at the top of the well there 
would be a greater force than when at the bottom, and the load in 
all probability would be less. 

If a circulating pipe is used, the force acting on the piston is the 
same at every point in the stroke, because the water under the piston 
is drawn up by the vacuum that tends to form; therefore, the force ‘ 
of the vacuum acting to draw down the piston is just as great as the 
force due to the weight of the water pressing on top of the piston, 
and as one increases as fast as the other decreases, the two balance 
each other at all times and the force acting on the piston remains 
unchanged. 

Pilot Valve Elevator Operation.—The vertical elevator is provided 
with a valve which is actuated by the direct pull of ahandrope. This 
construction, used exclusively in former days, is now employed 
only for freight, or passenger elevators, run at low speed. For first 
class service, such as the elevators of modern office buildings, a pilot 
valve is provided so the operator may control the movement of the 
car with certainty even at the highest speed. 

In Fig. 9 operation of main and pilot valves may be fol- 
lowed. The upper engraving is a vertical section. The lower is a 
horizontal section through AB, just above the port with which the 
pressure pipe is connected. In the simple hand-rope valve, pistons 
V, and V’, are made of the same diameter so that pressure of water 
pushing up against V’, may be just equal to the pressure pushing 
down upon V, to produce a perfect balance and make the valve as _- 
easily moved upward as downward, disregarding weight of the valve. 

In the valve shown by Fig. 9 V’ is made larger in diameter than 
V, so that when pressure above V is reduced, the valve becomes 
unbalanced and is forced upward by pressure acting upon the under 
side. This valve is provided with throttle valve V’ which will 
prevent a runaway if for any reason, pressure in the tank drops to 
zero or nearly so, and it also prevents making a violent stop on the 
up trip if the operator moves the lever to the central or stop position 
too suddenly. 

The valve consists of a spindle, mounted upon sleeve V3, which 
holds in place cup packings 40, 41 and 42. Pressure water enters 
through port 45 and passes through port 46 to pipe A”. Discharge 
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water from upper end of main valve chamber enters through port 46 
and discharges into a pipe not shown. The valve chamber is pro- 
vided with brass linings and the lower one is drilled with numerous 
holes opposite port 46, so the cup packings may pass on the up stroke 
without getting caught. 
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Section A-B 
Fie. 9— Hydraulic elevator differential and pilot valve. 


It can be seen that the packings only lap a short distance over the 
port holes drilled in the lining; therefore the valve does not have to be 
moved very far in either direction to uncover the ports and start the 
elevator. The amount of lap of the valve packing is made sufficient 
to cause the valve to close when the car lever is some distance from 
the central position. If the valve were made with less lap, the 
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operator would have to move the lever with great accuracy to stop 
the car for if it were not moved far enough the car would slow down 
to a very slow speed but would not stop; and if the lever were carried 
a trifle further, the car would stop and then begin to run in the oppo- 
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Fia. 10—Magnetically operated valve. 


site direction. It is to obviate this trouble that the valve packings 
are made to lap enough to require a considerable movement of the 
car lever to either side of the center to open the ports, but not any 
more than is actually necessary for proper operation of the car. 


908 TULLEY’S HANDBOOK 


Push-button Control of Hydraulic Elevators.—Sometimes hydrau- 
lic elevators are installed in private houses, or are used to operate 
dumb waiters, and in either case an operator to run the car is not 
required. As a rule, elevators of this kind are operated by electric 
machines, but when hydraulic machines are so used, they are 
arranged in the same way, that is, so they may be operated by 
push buttons at the several doors and in the car. 

To make the hydraulic valve gear electrically operated, all neces- 
sary is to provide magnets that will move lever 17 in the same way 
it is moved by the rotation of sheave 31. A valve gear provided by 
magnets is shown in Fig. 10, in which MM’ are electro-magnets, and 
AA’ iron armatures attached to the lever B. If current is turned 
into the magnet M, armature A is drawn down and through rod C, 
lever D is pushed up, carrying the pilot valve with it. If current is 
turned into magnet M’, armature A’ is drawn down and C pulls D 
down and with it the pilot valve. 
The pilot valve for this magnet con- . 
trol is made to fit tight by grinding, 
to get rid of the friction of the cup 
packings. The pilot valve is con- 
nected with the main valve chamber 
by a pipe which admits water under 
pressure through the pilot valve. Two 
strainers are placed in twin supply 
pipes and by means of three-way 
cocks, either of the strainers may be 
disconnected for cleaning. Magnets 
to control pilot valves are wound for 

Fie. 11.—Floor controller. any lighting current or for battery, if 

so specified. 

As battery current is weak and expensive, it is usually necessary 
to modify the magnetic devices so they may be actuated with smaller 
current. This is done by using a lighter magnet that operates a 
secondary pilot valve which controls flow of water into a motor 
cylinder, which in turn, operates the pilot valve as described. 

Push-button, elevator floor control is ingeniously effected by means 
of a device called a ‘“‘Floor Controller” and which is shown by Fig. 
11. This device is rotated by means of a worm and chain connection 
with the elevator car, and carries two metallic strips that are con- 
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nected with the opposite sides of the circuit. Contact brushes rest 
on these strips, there being one for each floor. The contact strips 
are set spirally on the face of the drum which travels on a thread of 
the same pitch as the spiral so the brushes always rest on the strips. 
When the elevator car is below a given floor, the brush corresponding 
to that floor rests on one of the metallic strips forming the spiral, but 
when the car is above this floor the brush rests upon the other strip. 
In this way, the circuit connections are changed, so if the car is 
above a floor, pressing the button causes the car to run down, 
and if it is below the floor, pressing the same button causes it to 
run up. 

High-pressure Hydraulic Elevators.—Low- =pressure elevators _ 
take up considerable room, on account of the large size of the lifting 
~eylinders, the connecting pipes’ and the tanks. High-pressure” 
“nrathines are frequently installed in large office buildings, specially 

if these occupy small floor space. High-pressure machines are made 
horizontal as well as vertical, but more are made of the latter type. 
A high-pressure vertical machine is shown by Fig. 12, and presents 
the whole system from the pump to the discharge tank. The 
lifting cylinder is inverted, and instead of a piston, a plunger is 
used, which is forced down by the pressure of the water. This con- 
struction does away with piston-rod stuffing-boxes, and is more 
substantial in every way. 

In low-pressure systems a pressure tank is used to hold the water 
that operates the machine, but in high-pressure systems, an accumu- 
lator is used in place of the pressure tank. The advantages of the 
accumulator are; pressure can be kept constant all the time, as it 
depends on the amount of cast iron with which the accumulator is 
loaded, and the difficulty of pumping air into the tank is done away 
with. : 

In all pressure tanks it is necessary to provide means for replenish- 
ing the air in the tank, as it leaks out in time. With low-pressure 
systems this is easy as the water pump can be arranged to draw air 
whenever required. With high pressure, this cannot be done. In 
fact, to pump air against a pressure of 800 lb. which is used in high- 
pressure elevators, is difficult and expensive with a simple pump. 

In Fig. 12, the accumulator A is seen at the right of the elevator 
well, and the lifting cylinder B is on the left, with the traveling 
sheaves C below. The operating valves D are on the floor just to the 
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Fic. 12.—High-pressure hydraulic elevator. 
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left of the guides in which the traveling sheave frame runs. 
Electric pump # furnishes water directly to the operating valves and 
the accumulator. The pilot valve is operated by water at a com- 
paratively low pressure, which is drawn from the discharge tank F, 
the tank being placed on the roof of the building so as to be kept at a 
constant pressure. The valves operate in the same way as those of the 
low-pressure machines, with the exception that a separate motor 
cylinder is used to move the main valve, this being necessary as the’ 
pilot valve is operated with low-pressure water. The construction 
of the valves is shown in Fig. 14, in which the pilot is on the left, 
and is moved by the connecting rod H, which in turn is moved by L 
through rod D. The motor cylinder is in the center, and the main 
valve on the right. The pilot valve controls the flow of water into 
the motor cylinder, and when the piston N moves, the piston-rod G, 
through the connecting arms J and P, moves the main valve; and 
also through lever H, which swings around the upper end of D, 
moves the pilot valve back to the stop position. 

The pilot valve is operated with low-pressure water because it 
would not be practical to use high pressure on account of the small- 
ness of the ports. In fact the first machines of this type were made 
with high pressure pilot valves, but they gave trouble on account of 
the wearing out of the ports and valves. The sheave that moves 
the pilot valve is attached to the disc S, or to the shaft on which this 
dise is mounted. 

High-pressure hydraulic elevator details are shown by Figs. 13 and 
14, the latter being a vertical continuation downward of Fig. 8, 
necessary on account of the great length of a single engraving. The 
left and right portions of each illustration are taken at right angles to 
each other. 

In Fig. 13, the upper end of the cylinder is shown at A, the lower 
end at B, the cylinder being shown broken at CC to shorten the 
drawing. The plunger is shown at D. The stationary sheaves are 
shown above the cylinder, held between steel channels G, to the lower 
end of which the cylinder is bolted, as shown at G’. The channel 
frames G, are bolted to a rod H, at upper end, which is held between I, 
secured to walls or frame of buolding. The traveling sheaves are 
carried in a cross head attached to lower end F, of the plunger. 

For the above and following description, and for several engravings 
of High-pressure Hydraulic Elevator Construction, credit is due to 
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High-pressure hydraulic elevator details. 
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“Hydraulic Elevators.” by William Baxter, Jr., McGraw-Hill Book 
Company, New York. 

The upper end of the engraving shows how the bearings of sta- 
tionary sheaves are held by side frame shannel beams GG and in like 
manner, the lower end shows construction of cap F, which forms end 
of plunger and support for traveling cheave frame. The cylinder is 
held up by rod H, and is secured against side displacement by rings 
K and frame J. 

Outlet M7, M is the pipe connection through which actuating water 
enters and passes out of the cylinder. 

Horizontal high-pressure elevators are sometimes made “Double 
Deckers” as shown by Fig. 15. The main and pilot valves are shown 
at A; and B, shows the lever to which ropes from the car lever are 
connected. At C, is located the automatic stop valve shown by Fig. 
16, which is actuated by rope D which passes around sheave EH, 
located at the forward end of the cylinder. 

Rope D is clamped by arm E, which is fastened to rod E, that runs 
to forward end of machine and carries two stops, HH and HE, which 
are struck by a projection on the traveling sheave cross-head when the 
latter approaches either end of its travel. The only object in using 
the rod £, is to reduce length of operating rope D. If sheave EH were 
placed at extreme forward end of machine, and rope D run over 
it, then stops could be placed on rope D in the usual manner; 
but with this construction there would be more danger of get- 
ting the stopmotion out of order by means of the long and exposed 
operating rope. This design increases cost of construction but 
makes the machine more reliable in operation. AtF is the auto- 
matic valve and at Ris a speed regulator to prevent the car from 
running at excessive velocity if the operator should move the lever 
far enough to open the valve wide when the car is lightly loaded. 
This device and all the valves are the same in either the vertical or 
horizontal machines. 

Automatic, hydraulic elevator stop valve as referred to in a pre- 
ceeding paragraph is shown by Fig. 16 herewith. The pilot valve is 
at A, and the main valve at C; B is a motor cylinder, the piston of 
which moves the main valve. The difference in the proportions of 
these parts is due to the fact that in the high-pressure system, motor 
piston B is actuated by low-pressure water, so as to make it possible 
to use a pilot valve of large enough size to be durable. 

58 
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Fie. 15.—Horizontal high-pressure hydraulic elevator 
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Usually a tank is placed high enough above the valve to give the 
necessary working pressure and from that tank, water passes to 
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Fig. 16.—Automatic stop valve for hydraulic elevator. 


cylinder B through pilot valve A. The operation of the valve is 


as follows: When an operator desires to run the car upwards, he 
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moves the car lever so as to pull up rope N’ on the right side, thus 
tilting the rock lever N in a counter-clockwise direction. Levers 
N and L are secured to shaft P, hence the end of L will move down 
and through the connecting rod L’ will pull down the lever L’’; and 
the latter, through M, will depress the pilot valve. 

Center pipe EZ is connected with the upper discharge tank; hence, 
water will flow in and through lower end of motor-piston cylinder B, 
raise the piston, water above the latter passing out into the 
pilot-valve chamber above the valve, thence to pipe D. 

As the motor piston-rod is connected at both ends by arms JJ 
with ends of main valve C, upward movement of the piston will lift 
the main valve and then water coming from the accumulator through 
main pipe J will pass into center of main valve through port S. 
Ports Q will be above packing R, so water will pass out into central 
pipe H, thence to the lifting cylinder, and by pushing the plunger out 
of the latter, will lift the elevator car. 

If rock-lever N be tilted in an opposite direction, the pilot valve 
will be raised and water will pass to upper end of motor cylinder and 
depress the piston, thus moving main valve down so water in lifting 
cylinder may escape through port Q’ into upper end of main valve, 
through ports S’ to upper discharge pipe G; and from there to dis- 
charge tank near top of building. 

As soon as the main valve moves, it acts to return the pilot valve 
to the central position. Thus, if the pilot valve is raised, the main 
valve will immediately thereafter start to move upward, and then 
lever L’’, which is pivoted on arm J, will start to draw up link M, 
thereby moving the pilot valve toward the top position, and when 
pilot valve has reached this position, the main valve will move no 
farther, so that extent of opening of main valve will depend upon 
distance through which lever N is moved. 

High-pressure Speed Governor.—In tall office buildings elevators 
run at very high speed, 500 to 600 ft. per minute, and with such 
velocities it is possible for a car to run away if the load is light and 
the operator opens the valve too wide. The object of speed con- 
troller Fig. 17 is to prevent such run aways by checking the flow of 
water. 

In the sectional view of this valve the pipes are connected with the 
outlets Cand D. The water to pass from one to the other has to flow 
through the valve piston B which has small holes EZ for the water 
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to flow through, and some pressure is lost by the passage of the water 
through these holes, the amount of pressure increasing as the velocity 
of the water increases. 

The spring K acts to hold piston B in the central position, and is 
adjusted to hold against the pressure developed by the highest 
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Fie. 17.—High-pressure speed controller. 


velocity at which the water should flow. _ If this velocity is exceeded, 
the pressure due to the loss of head in passing through holes # will 
increase, and B will be carried to one side and some of the holes in 
sleeve F' will be covered, thus reducing the opening through which 
the water can pass, and checking the speed of the elevator, 
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Hydraulic Elevator Low-pressure Controller.—The construction 
and principle of action as shown by Fig. 18, which is a section of the 
valve parallel with the valve-rod. Port 63 is bolted against upper 
end of cylinder, and circulating pipe is screwed into lower end 62, 
thus whether water is passing from pressure tank into upper end of 
cylinder, or simply circulating from upper to lower end of cylinder, 
it must pass through this speed-regulating 
valve. 

“In case the elevator is ascending, water 
will pass from pressure-tank, up through 
regulating valve to upper end of cylinder. 
The current of water will strike against lower 
end of valve 70, and push it upward against 
tension of spring 71. When the elevator 
is descending, a stream of water will flow from 
port 63, down through the regulator into the 
circulating pipe, and force of the water will 
act against top of valve 70 and tension of 
spring 72. By properly adjusting these 
springs, the device can be arranged to act 
at any desired velocity. Action depends 
entirely upon velocity of water flowing 
through the valve, therefore, is not affected 
by any variations in pressure of the water. 

Operation of the valve is self-evident. On 
down stroke of piston, if the valve is forced 
upward far enough by impact of the stream 
of water, the upper end will enter neck 73, 
and gradually reduce the opening through 
which the water must pass, thereby reduc- 
ing the velocity. On the up-stroke, of the 
piston, the valve is forced into neck 24, of 
valve-chamber. Interior valve 67 is for preventing too sudden 
movement of valve 70, and acts as a dash-pot. 

Packings 68 make a tight joint and the proper amount of leakage 
to give desired retardation is obtained by providing the necessary 
difference between diameter of rod 64, and holes through ends of 
valve. Springs 71 and 72 can be compressed more or less as desired 
by means of adjusting sleeves at their ends. 
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Fie. 18.—Low pressure 
speed-regulating valve. 
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Hydraulic Elevator Low-pressure Stop-valve.—This automatic 
stop valve is shown by Fig. 19, the two parts of which show respec- 
tively a view at right angles to axis of shaft and a view parallel to the 
shaft and shows the right-hand half in section. Face of the valve is 
formed by segment 50, which is held in position and moved by three- 
flanged hubs, 49, which are fixed on shaft 53. Gear 17 is mounted on 
this shaft and is driven by pinion 55, which is cast on one side of 
sheave 18. Segment 50 rotates within a brass lining, 51, which has 
ports cut through it on both sides, the upper edge of the ports being 
on an inclined line, as shown at 52, this construction being for pur- 
pose of closing the port gradually so as not to stop the elevator too 
suddenly. Segment 50 is not rigidly secured to hubs 49, for reason 
that, if so made, it would not be possible to start the elevator from 
either end of the well. 

This valve moves into position to close outlet from lower end of 
cylinder at end of every trip, and is held in that position by arm 7, 
bearing aga nst one or the other of stop-balls 8 or 9. Therefore, 
unless the piston moves away from the end far enough to permit the 
stop-ball to move the valve, B’’ will remain closed, so that opening 
the main valve will not have any effect in starting the elevator. 
With segment 50 made so as to have considerable play in the sup- 
porting flanges of hubs 49, there is no difficulty in making a start, 
because when the elevator is stopped, current flowing through B”’ 
is in such direction as to press segment 50 against casing 51, and when 
the main valve is moved so as to run the elevator in the opposite 
direction, pressure of water acting on B’”’ will be toward center of the 
circle and will push 50 away from 51, and permit a sufficient amount 
of water to leak through to start the car gradually. 

As soon as the car begins to move, arm 7 permits the stop-ball to 
return to normal position, and then weight 19 draws gear 17, and 
thereby valve B” into open position. From the above it may be 

seen that the valve not only acts as an automatic limit stop, but also 
provides means for preventing a violent jerk if the operator starts the 
car by moving the lever too rapidly into the full-speed position. 

Hydraulic elevator accumulators, as shown by Figs. 20, and 21, is 
simply a hydraulic cylinder standing upright and provided with a plun- 
ger loaded with iron weights until the desired pressure of water is 
obtained. In the illustrations, K is the cylinder and L the plunger, 
which is provided with a cross-head at the top, from which depend rods 
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MM that hold the weights A, made with a hole in the center large 
enough to clear the cylinder, so when the water is all out, the weights 
envelop the cylinder. This construction is used in cases where it is 
desired to economize head room; in other cases the weights are set 
directly on top of the plunger. 


Fig. 20. Fig. 21. 
Fias. 20 and 21.—High-pressure accumulators. 


To prevent pumping enough water into the accumulator to force 
the plunger out the top, and also to prevent drawing out so much as 
to empty the cylinder and allow the plunger to strike bottom, 
automatic stops are provided to control the pump, and the flow of 
water from the accumulator. The cable to which the weight B is 


922 TULLEY'’S HANDBOOK 


attached runs to the valve of the pump, and when the accumulator 
is full, weight B is lifted by shelf Cand the pump valve closed. 

The flow of water in or out of the accumulator is controlled by 
valve D, moved by an arm on the weights A striking the stop-balls F 
on the chain Z. When the water is at the low limit, the lower F is 
struck and this closes valve D so that while water can flow in, none 
can pass out. If the accumulator is full, the upper F is struck and D 
is reversed, so no more water can be pumped in, but water can flow 
out freely. 
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DME ANd ROSS 
Yes 
RRIISSS9 


Fies. 22 and 23.—Accumulator valves. 


Accumulator Valves.—Valve D is shown by Figs. 17 and 18. In 
Fig. 22, arrows A indicate the course of the water flowing into the 
accumulator, and the outgoing path is indicated by the dotted arrows. 
The check valve in the outlet passage H opens upward, and check 
valve in the inlet passage F opens downward. If valve D is in the 
central position, water can pass through it in either direction, but 
if rotated in one direction it will stop the flow through EZ and if 
rotated in the opposite direction it will stop the flow through F. 
The passages EF and F surround valve D, as shown by Fig. 23 but the 
ports in the valve D as well as the valve chamber, are so shaped that . 
E and F can be connected separately with B but not directly with 
each other. 
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Plunger Elevators.—In this 
form of machine, the lifting 
“cylinder is” piace tie hele 
‘bored in the ground directly 
-under center of the car. The 
“plunger ‘pushes the car to. the 


“top of op of the building; t] therefore, s 


the plunger and cylinder both 


have to be made a few. feet— 


Tonger _ than the “height_ Anew 
Which ‘the elevator is raised, 
The cylinder is made of steel 
pipe, as many lengths as may 
be necessary being joined to- 
gether by means of sleeve 
couplings. The ends of the 
pipe sections are turned square 
with the axis of the pipe, and 
the threads are cut true so 
that when the several lengths 
are joined they form astraight 
cylinder. 

The plunger is also made of 
lengths of steel pipe which 
are joined by internal sleeves 
made extra long to give the 
plunger as much strength at 
the joints as at other points. 
The pipes forming the plunger 
are turned true and made 
smooth to slide through the 
stuffing box with as little fric- 
tion as possible, and to make 
a tight joint at the box. The 
top of the cylinder consists of 
a casting provided with an 
outlet for the water pipe con- 
nection, and a stuffing box at 


Fig. 24.—The plunger elevator. 
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the top; the latter is in some cases made separate and bolted to the 
main casting. 

The plunger is 6 to 7 in. in diameter, and the cylinder is about 2 in. 
larger, so that only the top casting has to be finished to fit the 
plunger. The lower end of the plunger is finished off with a casting. 
The hole in the ground is made about 13 in. in diameter, and when the 
cylinder is in place, the space between it and the sides of the hole is 
filled with sand. 

Plunger elevators have been used a long time for short runs, but 
within the past few years that they have been installed for high 
buildings and for all classes of service. While there are probably 
many concerns that make plunger machines for sidewalk elevators, 
and other low runs, there are several companies that make them for 
high-speed passenger service in high office buildings. 

Plunger Elevator Counterweighting.—Steel cables pass from the 
top of the car over a sheave and down to a counterbalance weight. 
If the building is high, say from 150 to 300 ft., the plunger will weigh 
so much that a part of it will have to be counterbalanced, therefore 
the counterbalance will be heavier than the car, and will actually lift 
the upper end of the plunger. Owing to this, the plunger has to be 
firmly secured to the bottom of the car that there may be no danger 
of its pulling away. 

The counterbalancing being heavier than the car serves to increase 
the stiffness of the plunger for the reason that the upper end is 
subject to tension, instead of compression, and the tendency to 
buckle is confined to the lower end. On this account the plungers 
do not buckle even when 200 to 300 ft. long, notwithstanding the 
diameter is between 6 and 7 in. Sometimes when making a quick 
stop coming down the plunger may spring slightly, but it at once 
returns to a straight position. 

Packing Vertical Elevator Piston from Bottom.—Remove the top 
stop-button on hand rope and run the car up until the piston strikes 
the bottom head in cylinder. Secure the car in this position by pass- 
ing a strong rope under the girdle or cross-head and over the sheave 
timbers. When secured, close the gate valve in the supply pipe, 
open the air cock at the head of the cylinder, and throw the operating 
valve for the car to go up. Also open the valve in the drain pipe 
from the side of the cylinder, and from the lower head of the cylinder, 
thus allowing the water to drain out of the cylinder. 
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When the cylinder is empty, throw the valve for the car to descend 
in order to drain the water from the circulating pipe. In case of tank 
pressure, where level of water in lower tank is above the bottom of the 
cylinder, the gate valve in the discharge pipe will have to be closed 
as soon as the water in the cylinder level with that of the tank, allow- 
ing the rest to pass through the drain pipe to the sewer. When the 
water is all drained off, remove the lower head of the cylinder, and the 
piston will be accessible. Remove the bolts in the piston follower 
by means of the socket wrench, furnished for that purpose. 

Before removing the piston head, mark its exact position, then 
there will be no difficulty in replacing it; also be careful and not let 
the piston get turned in the cylinder, so as to twist the piston-rods. 
On removing the piston follower, you will find a leather cup turned 
upwards, with coils of 5g-in. square duck packing on the outside. 
This you will remove and clean out the dirt; also clean out the holes 
in the piston, through which the water acts upon the cups. 

If the leather cup is in good condition, replace it, and on the outside 
place three new coils of 5g-in. square duck packing, being careful 
they break joints and also that the thickness of the three coils up 
and down does not fill the space by 14 in., as in such case the water 
might swell the packing sufficiently to cramp it, thus destroying its 
power to expand. If too tight, strip off a few thicknesses of canvas. 
Replace the piston follower and cylinder head, and the cylinder is 
ready to refill. Close the valves in the drain pipes, leave the air 
cock open at the head of the cylinder and the operating valve in the 
position to descend, then open gate valve in the discharge. 

Slowly open the gate valve in the supply pipe, allowing the 
cylinder to fill gradually and the air to escape at the head of the 
cylinder. When the cylinder is full of water, leave the air cock open 
and put the operating valve on the center.. The car can then be 
untied, the stop button reset, and the elevator is ready to use. Make 
a few trips before closing the air valve. 

Packing Vertical Elevator Piston from Top.—Run the car to the 
bottom and close the gate valve in the supply pipe. Open the air 
cock at the head of the cylinder, and also keep open the valve in the 
drain pipe from the side of the cylinder long enough to drain the 
water in the cylinder down to the level of the top of the piston. 
Remove the top head of the cylinder, slipping it and the piston rods 
up out of the way, and fasten there. If the piston is not near enough 
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to the top of the cylinder to be-accessible, attach a rope or small 
tackle to the main cables (not the counter-balance cables) a few feet 
above the car, and draw them down sufficiently to bring the piston 
within reach. 

Remove the bolts in the piston follower with the socket wrench 
furnished for that purpose. Mark the exact position of the piston 
follower before removing it, so there will be no difficulty in replacing 
it. On removing the piston follower you will find a leather cup 
turned upwards, with coils of 5-in. square duck packing on 
the outside. This you will remove, clean out the dirt, also 
clean out the holes in the piston through which the water acts upon 
the cup. 

If the leather cup is in good condition, replace it, and on the outside, 
place three new coils of 5g-in. square duck packing, being careful that 
they break joints, and also that the thickness of the three coils up 
and down does not fill the space by 14 in., as in such case the water 
might swell the packing sufficiently to cramp it, thus destroying its 
power to expand. If too tight, strip off a few thicknesses of canvas. 
Replace the piston follower and let the piston down to its right 
position. Replace the cylinder head and gradually open the gate 
valve in the supply pipe, first being sure the operating valve is on 
the down stroke or so the car is coming down. As soon as the air has 
escaped, before closing the air cock, to make sure the air is all out of 
the cylinder, make a few trips, then the elevator is ready to run. 

Packing Vertical Elevator Cylinder Valves.—To pack the valve, 
run the car to the bottom and close the gate valve in the supply 
pipe. Throw the operating valve for the car to go up, open the 
air cock at the head of the cylinder and the valve in the drain pipe at 
the bottom, and the water will drain out of the cylinder. When the 
cylinder is empty, reverse the valve for the car to run down, to let 
the water out of the circulating pipe. In cases of tank pressure, 
where the level of the water in the lower tank is above the bottom of 
the cylinder, the gate valve in the discharge pipe will have to be 
closed as soon as the water in the cylinder is on a level with that in 
the tank, allowing the rest to pass through the drain pipe to the 
sewer. As soon as the water has all drained off, take off the valve 
cap and remove the pinion shaft and sheave, marking the position of 
the sheave and the relation which the teeth on the pinion bear to the 
teeth on the rack, before removing. 


ELEV ATORS—ELECTRIC—HYDRAULIC 927 


Take out the valve plunger and put the new cup leather packings 
in the same position as you find the old ones. Replace all the parts 
as first found. Before refilling the cylinder, close the valves in the 
drain pipes, but leave the air cock at the head of the cylinder open 
and be careful that the operating valve is in position for the car to go 
down. Gradually open the gate valve in the supply pipe. When the 
cylinder has filled with water and the air has escaped, close the air 
cock and open the gate valve in the discharge pipe. 

Packing Elevator Piston-rods.—Close the gate valve in the supply 
pipe. Remove the followers and glands to the stuffing boxes and 
clean out the old packing. Repack with about eight turns of 14-in. 
flax packing to each rod, and replace glands and followers. Screw 
down the followers only tight enough to prevent leaking. 

If traveling or auxiliary sheave bushing is worn so that sheave 
binds, or the bushing is nearly worn through, turn it half round, and 
thus obtain a new bearing. If it has been once turned put in a new 
bushing. 

See that the piston rods draw alike. If they do not, it can be 
discerned by trying to turn the rods with the hand, or by a groaning 
noise in the cylinder. However, groaning may also be caused by 
the packing being worn out, in which case the car would not stand 
stationary. See that all supports remain secure and in good 
condition. 

Water for Hydraulic Elevators.—Care should be given to the 
quality of water, with which an elevator is operated. Much loss 
of power by friction, and many dollars spent annually in repairs 
can be avoided by a little thought and action on this subject. In 
order to prove the truth of this statement, one has only to obtain 
two samples of water, one of soft water and the other of hard. For 
example, take.rain water as the first sample and water from the well 
as the second. 

Rub your hands briskly together while holding them immersed 
in one, and then in the other of these samples. You will instantly 
realize that the quality of water used in elevator service has much to do 
with the efficiency of the hydraulic machinery. Water from the 
service pipes of the city water-works always contains more or less 
sand and other gritty substances in suspension, and grit acts much the 
same on the packing and metal parts of the apparatus as does a sand 


blast, 
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Some engineers, having realized the evil effects of water in the 
state that is generally used have attempted to remedy the matter by 
replacing the water which is lost by leakage or evaporation by the 
addition of the water from the steam traps of the plant; as this has 
been distilled, it is almost chemically pure—thus the man who uses 
distilled water in an elevator system instead of the water containing 
grit, is simply getting out of one difficulty into another. 

Whenever it is practicable, the water for elevator use should be 
passed through a filter to remove grit before being allowed to pass into 
the surge tank. In many cases it would be difficult for the engineer 
to convince the owner of the advisability of buying and installing 
a filter for this purpose. A simple and somewhat inexpensive remedy 
is within reach of all—the plentiful use of soap will obviate many 
evil effects of hardness of the water, will double the life of the packing, 
will reduce the loss by friction, and will, to a large extent, prevent 
the chattering of the pistons, making the elevators run much 
smoother. 

In laboratory practice, the degree of hardness or softness of water 
is determined by the amount of pure soap that it is necessary to mix 
with the water to form a lather, or to precipitate a certain quantity 
of carbonate of lime and other substances. This same action, on a 
larger scale, takes place when soap is put into an elevator tank, 
and while the oily portion of the soap forms an emulsion of great 
lubricating properties with the water, the gritty matter is precipitated 
and can be gotten rid of through blow-off in the bottom of the tank. 

The cheapest and most convenient form in which to obtain soap 
for this purpose, is the soap powder extensively manufactured by 
various firms. In a plant of six elevators, with usually a capacity of 
some 8,000 gal., it is good practice to use about 20 lb. of this soap 
each week. The soap should be dissolved in about ten times its 
weight of boiling water, and when cold it will form a stiff soft soap. 

The practice of putting in the refuse oil collected from the drip pans 
is of little value; it will not mix with the water, but floats on the 
surface. It rarely gets low enough to enter the suction pipes of the 
pumps, and has little or no tendency to precipitate the solid matter 
that is held in suspension in the water. 

Emulsive oil is largely used in modern hydraulic plunger elevator 
practice in place of the soap described above. Emulsive oil mixes 
very thoroughly with the water and lubricates all parts, including 
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piston, piston-rods, operating valves and also the pumping plant. 
After the proper amount of lubricant has been added to the water, 
it is only necessary to add a small amount occasionally to take care of 
leakage. 

If car settles, the most probable cause is that the valve or piston 
needs repacking. If packing is all right, the air valve in the piston 
does not properly seat. If the car springs up and down when 
stopping, there is air in the cylinder. When there is not much air, ~ 
it can often be let out by opening the air cock and running a few 
trips, but when there is considerable air, run the car to near the 
bottom, placing a block underneath for it to rest upon, then place 
the vaive for the car to descend. While in this position, open the 
air cock and allow the air to escape. This may have to be repeated 
several times before the air is all removed. 

Keep the cylinder and connections protected from frost. Where 
exposed, the easiest way to protect the cylinder is by an air-tight 
box, except at the bottom, at which point keep a gas jet burning 
during cold weather. Where there is steam in the building, run a coil 
near the cylinder. Keep stop buttons on hand cable properly 
adjusted, so the car will stop a few inches beyond either landing, 
before the piston strikes the head of the cylinder. Regulate the 
speed desired for the car by adjusting the back stop buttons, so the 
valve can only be opened either way sufficiently to give this speed. 
Occasionally try the governor to see that it works properly. Keep 
the machinery clean and in good order. 

The Care of Elevator Enclosures.—While elevator enclosures are 
intended to protect passengers, the devices are frequently sadly 
neglected and may be a source of danger instead of safety, unless 
looked after and taken care of in a proper manner. It is of the 
utmost importance that no projection of any kind extend into the 
doorways for clothing of passengers to catch on, thus endangering 
their lives. The doors should move freely to insure their action at 
the touch of the operator. See that all bolts and screws are tight, 
and replace at once all that fall out, otherwise, the doors and panels 
may swing into the path of the elevator cage and be torn off, and 
probably injure some one, thus placing the owner liable to damages. 
Elevator doors that are automatic in their closing are the best, but 
all operators should be held strictly responsible for accidents occurring 


from the carelessness of leaving doors open. 
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All inclosures should be equipped with aprons above the doors, to 
the ceiling, and as close to the cage as possible, to prevent passengers 
from falling out or extending their person through to be caught by 
ceilings or beams in the elevator shaft. As a rule, proprietors of 
buildings take pride in keeping their inclosures and cars in a neat 
condition, as they are considered an ornament to the building for the 
porpose for which they are intended, and no expense is spared in the 
line of art, so it is recommended that they be kept free from dampness. 
Dust with a feather duster and use soft rags for cleaning. Never 
use any gritty substances, soaps or oils. If they become damaged, 
have the maker repair and relacquer them. 

Care of Hoisting Cables.— Wire and hemp ropes of same strength 
are equally pliable. Experience has demonstrated that the wear of 
wire cables increases with their speed. Hoisting cables are manu- 
factured with hemp centers to make them more pliable. Durability 
is thereby increased where short bending occurs. All twisting and 
kinking of wire rope should be avoided. Wire rope should be run off 
by rolling a coil over the ground like a wheel. 

In no case should galvanized rope be used for hoisting purposes, 
The coating of zine wears off very quickly and corrosion proceeds 
with great rapidity. Hoisting cables should not be spliced under any 
circumstances. All fastenings at the ends of rope should be made 
very carefully, using only the best babbitt. All clevises and clips 
should fit the rope perfectly. Metal fastenings, where babbitt is 
used, should be warmed before pouring, to prevent chilling. Ex- 
amine wire ropes frequently for broken wires. Wire hoisting ropes 
should be condemned when the wires (not strands) commence crack- 
ing. Keep the tension on all cables alike. Adjust with draw-bars 
and turn-buckles. 

Leather Cup Packing for Valves.—Leather for cups should be of 
the best quality, of even thickness, free from blemish and treated 
with a waterproof dressing. The cups should be of sufficient stiffness 
to be self-sustaining when passing over. perforated valve lining. 
When ordering cups, the pressure of water carried should be specified, 
as the stiff cups intended for high-pressure would not set out against 
the valve lining when low pressure is used. 

Closing Down Elevators.—If an elevator is to be shut down for an 
indefinite period, run the car to. the bottom and drain off the water 
from all parts of the machine; otherwise, a freeze is likely to burst 
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some part of the machinery. If the machine is of the horizontal 
type, grease the cylinder with a heavy grease; if vertical, the rods 
should be greased. Oil cables with raw linseed oil. 

Lubricating Hydraulic Elevators.—An effectual method of lubri- 
cating the internal parts of hydraulic elevator plants where pump 
and tanks are used, is to carry the exhaust steam drips from the foot 
of the pump exhaust pipe to the discharge tank, thus saving the 
distilled water and cylinder oil. This system is invaluable whea 
water holding in solution minerals is used, as the minerals greatly 
increase corrosion. 

Horizontal machines operated by city pressure are best lubricated 
with heavy grease applied either mechanically or by means of a piece 
of waste on the end of a pole. The former method serves as a con- 
stant lubricator, while in the latter case, greasing is often neglected, 
and in consequence packing lasts but a short time. 

Lubrication of Elevator Cables.—A good compound for preserva- 
tion and lubrication of cables is composed of cylinder oil, graphite, 
tallow and vegetable tar, heated and thoroughly mixed. Apply 
with a piece of sheepskin with wool inside. To prevent wire rope 
from rusting, apply raw linseed oil. 

Lubrication of Guides.—Steel guides should be greased with good 
cylinder oil. Grease wood strips with No. 3 Albany grease or lard 
oil. Clean guides twice a month to prevent gumming. 

Lubrication of Overhead Sheave Boxes.—In summer use a heavy 
grease. In winter add cylinder oil as required. 

Leaks in elevator pressure tanks may be found by painting 
around the rivet heads with a solution of soap and a leak will be 
found wherever a bubble of suds appears, blown by air-pressure inside 
the tank. This method will not answer where water instead of air 
is stored in the tank. 

Useful Elevator Data.—To ascertain the number of gallons in 
cylinders and round tanks, multiply the square of diameter in 
inches by the height in inches and the product by 0.0034 = gal. 
Weight of round wrought iron: Multiply the diameter by 4, square 
the product and divide by 6 = the weight in pounds per foot. To 
find the weight of a casting from a pine pattern multiply weight in 
pounds of pattern by 16.7, for cast iron, and by 19 for brass. Ordin- 
ary gray iron castings = about 4 cu. in. to the pound. 
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A gallon of water (U. S. Standard) contains 231 cu. in. and weighs 
814 lb. A cubic foot of water contains 714 gal. or 1,728 cu. in. and 
weighs 62.425 lb. A “miner’s inch” is a measure for the flow of 
water and is the amount discharged through an opening 1 in. square 
in a plank 2 in. in thickness, under a head of 6 in. to the upper edge 
of the opening; and is equal to 11.625 U. 8. gallons per minute. 

The height of a column of fresh water, equal to a pressure of 1 
lb. per square inch, is 2.304 ft. A column of water 1 ft. high 
exerts a pressure of 0.433 lb. per square inch. The capacity of 
a cylinder in gallons is equal to the length in inches multiplied by the 
area in inches, divided by 231 (the cubical contents of one U. S. 
gallon in inches). The velocity in feet per minute, necessary to dis- 
charge a given volume of water in a given time, is found by muiti- 
plying the number of cubic feet of water by 144 and dividing the 
product by the area of the pipe in inches. 

Elevator Safety Devices.—All types, the cars of which are lifted by 
cables are provided with means for arresting the movement of the 
car if it attains a dangerously high speed through the breaking of the 
lifting cables or the disarragenment of the hoisting apparatus. Direct 
plunger elevators are not provided with safety appliances, it being 
considered that the plunger on which the car is lifted will prevent the 
latter from dropping, as it cannot be crushed by the load, nor caused 
to run down any faster than the water can escape from the cylinder. 

In the early days of elevators, when the car speed was low, the safety 
devices consisted of racks attached to the faces of the guides, and 
dogs carried by the car, these dogs being held out of action so long 
as the ropes did not break. When the gradual increase in height 
of buildings, the car speed was increased and it was realized that the 
rack and dog devices were not adapted to the work, as they would 
stop the car so suddenly as to give the passengers nearly as bad a 
shaking up as if the car went to the bottom of the well. 

For the purpose of producing more gradual stoppage of the car, 
wedge safety devices were introduced. These safeties act by forcing 
a wedge between the guides on which the car runs and strong iron jaws 
carried by the car, and as the wedges are tightened slowly, the car 
can run some distance, thus producing a gradual stop. The jaws 
that hold the clamping wedge are fastened to the ends of a massive 
hardwood plank, and for this reason the apparatus is called a 
“Safety Plank,” and is known by that name at the present time. 
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Safety wedge plank is shown by Figs. 25, 26 and 27. The last 
two show only one end of the apparatus. This device is used in 
connection with four lifting cables, two of which are secured to 


Fia. 26. 


Fig. 27 
Wedge safety stop. 
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ends AB of rocker C, the other two being connected with a rocker 
at the other end. 

Rocker C has projections which move levers mounted on shaft H, 
and one of these levers, marked b, when raised strikes wedge N and 
forces it up between the jaws of the safety plank and the guide M. 
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The end of b is sharp and long enough to reach the guide and cut into 
it, thus helping to force the wedge up tight enough to hold the car. 
If one of the lifting cables attached to the ends AB of rocker C should 
break, that end of C will drop and shaft H will be rotated so as to 
swing b upward and force the wedge N into action. The rocker C 
has two projections, one on each side of H so no matter which way C 
is tilted, b will be moved upward. 

If elevators dropped only when the cables break, the safety as 
explained would be sufficient, but as a matter of fact, they cannot 
very well drop in this way, because all the cables will not break at 
the same time. In nearly every case, the elevator does not actually 
drop, but through some disarrangement of the machinery it attains a 
dangerously high speed, that is, it runs away. 

Owing to this, it is necessary to arrange the safeties so they will 
act if the car speed becomes too great, regardless of what the cause 
may be. This is accomplished by providing a governor, similar 
to those used on engines, driven by the car, and when the speed 
becomes too great it throws the safety into action. 

Elevator safety governor as shown by Fig. 28, is driven by a rope 
that passes over sheave A and runs down in the elevator well to the 
bottom where it passes under another sheave. ‘This rope is fastened 
to the end g of lever G, Fig. 26, and through lever k acts to rotate shaft 
H. The spring S wound on H is stiff enough to drive the governor 
and prevent H from turning, but if the car speed becomes too great, 
the rod D, Fig. 28, will lift the crank N and thus throw in a clamp that 
will hold the rope fast. When this occurs, the downward movement 
of the car will cause lever G to rotate shaft H and b will force the safety 
wedge WN into position to stop the car. 

Care of Elevator Safety Devices.—In addition to safety devices 
described in the foregoing paragraphs, all elevators, hydraulic and 
electric, are provided with automatic stopping devices that stop the 
car automatically at the top and bottom landings, providing they are 
properly adjusted, and kept in running order, and unless a car attains 
a very high velocity in running away, these automatic stops will check 
its speed at the end of its travel. Experience shows these stops are 
often allowed to get out of adjustment so they fail to act properly 
when called upon. 

This is also true of the safeties herein explained. If you want to 
avoid accidents, make sure that the safeties and safety governor, 
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and the automatic stops are properly adjusted and in perfect working 
-order. Never use a governor or automatic safety rope that looks at 
all worn, for when called into action it may break, and then an acci- 
dent will follow. 
As can be seen, if the governor rope is not strong, it may snap off 
when the clamp grips it, and if this occurs, the safety will not act. 


Fig. 28.—Single-acting safety governor. 


The ropes used to operate the hydraulic automatic stops are not so 
likely to break because they come into action very often, hence, 
they are more likely to show when they are worn out; but the auto- 
matic stops should be kept in perfect adjustment all the time. 

As the safeties seldom come into action, they are liable to rust 
and stick, unless often examined, oiled and well cleaned. 
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The Worthington water meter illustrated by Fig. 1, registers 
cubic feet; one foot being 748{99 gal., United States standard. It 
is read in the same way as registers of gas meters. The following 
example and directions may be of use to those unacquainted with 
the method: If a pointer is between two figures, the smaller one 


S 
eR 
PaRene nero 


Fic. 1.— Worthington, water meter. 


must invariably be taken. Suppose the pointers of the dials stand 
as in the engraving. The reading is 6,874 cu. ft. - From the dial 
marked ten we get the figure 4; from the next, marked hundred, the 
figure 7; from the next, marked thousand, the figure 8; from the next, 
marked ten thousand, the figure 6. The next pointer being between 
10 and 1, indicates nothing. By subtracting the reading taken at 
one time, from that taken at the next, the consumption of water for 
the intermediate time is obtained. 

Accuracy in meter reading should be sought by every one who is 
called upon to read meters of the dial type, either for water, steam or 
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gas. It is so easy to make a mistake in reading a meter that the 
beginner should be sure to take several readings and if possible with 
an interval of a few minutes between them. It is also well to take the 
two readings in different ways, for instance: Begin at the unit dial 
(marked “‘ten’’) for one reading, and for the second reading, begin 
at the “one million”’ diai or at the succeeding one whose pointer has 
passed the “1” mark. : 

A great chance for error exists in taking a reading when the pointer 
may lie nearly on top of a digit. For instance, the pointer on the 
*‘ten-thousand”’ dial lies almost upon 7, yet 6 should be read, and 
continue to be read until pointer on the ‘‘one-thousand”’ dial has 
reacned and passed figures 9 and 0. When this pointer is almost up 
to 0, is when a mistake is most apt to be made and the meter might 
be read ‘‘70”’ when in reality, it is only ‘‘69” and as the error is on 
the thousand dial, the mistake is that of 1,000 cu. ft. of water—quite 
a tiny bit of liquid. Some meters read in gallons instead of cubic 
feet, in which case, the error would not be quite as bad, but still 
serious enough to prove expensive and possible to play the mischief 
with tests or other matters. 

The farther from the unit dial, the more careful should be the 
reading of the pointers and the figures, as a mistake made in the 
larger dial reading is ten times as bad as if on the next lowest dial, and 
100 times as serious if two dials above the unit pointer. Therefore, 
be careful—very careful—when taking meter dial readings and be 
sure that you look closely at the next lower dial before recording the 
reading of the dial next higher. So doing will be a good check 
against error in meter reading wherever the dial and pointer method 
of registering is used. 

Hoppe’s V-notch Water Meter.—This appliance is really a weir, 
using the V-notch with refinements of integrating and recording 
apparatus connected therewith. It can be used with other liquids 
besides water and will measure liquids at any temperature. Figure 
2 represents a portion of a V-notch Weir-meter, sections having been 
cut away to permit observation of interior parts. 

The device consists of a tank containing a V-notch and a cabinet 
attached to the tank, as illustrated by Fig. 2. Inside the cabinet is 
a copper vessel, called the weighing vessel, suspended by a coil 
spring and connected to the tank by a flexible connection in such a 
manner that the water in the vessel will be in equilibrium with the 
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water behind the weir. As the water enters the tank and rises in the 
compartment behind the V-notch, it also rises inside the weighing 
vessel which is designed to contain just enough water at each unit 
of height to fill the weighing vessel and draw down the spring in 
exact ratio to the rate of flow. The pen and recorder are directly 
attached to it without the use of cams or other motion-changing 
devices. 

The weir-board is bolted to center partition of the tank and a 
bronze V-notch is placed in a groove in the weir board. The notch is 


Fig. 2.—Hoppes, V-notch water meter. 


interchangeable and is easily removed. If necessary, weir boards 
are provided with openings for multiple V-notches, that any 
number of notches may be used. Notches are made with angles 
at 90,45, 2214 and 111% deg. to suit any rate of flow, whether 
large or small. Blank notch plates can also be provided so some of 
the openings may be closed off entirely for a decreased rate of flow. 

Height of water behind the V-notch is weighed as above indicated 
by a vessel so designed that it contains just enough water at each unit 
of height to pull down a spring in exact ratio and according to the 
rate of flow through the V-notch. The recorder and integrator are 
directly attached to this vessel, no floats, cams, or other motion chang- 
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ing devices being used, as the weighing vessel is designated to take 
care of the flow curve, and the record is made by gravitation. This 
instrument is very sensitive, and is equally efficient at any height 
of the water behind the weir, and can be used for measuring liquid 
at any temperature. 

Recording and integrating device in Hoppe’s meter is very simple in 
construction. It is located in the head on a column supported by the 
cabinet. A clock movement operates a circular chart on one side, 
making one revolution in 24 hr., and on the other side is an aluminum 
disc making one revolution per hour. The pen for making the record 
on the chart is attached to a cross-head running vertically between 
anti-friction bearings and directly connected to the weighing vessel. 
An arm is carried to the other side which supports a small planimeter 
wheel on a vertical axis and is revolved by the aluminum disc. 

The planimeter wheel moves a train of gears operating the inte- 
grator which indicates the amount of water in pounds which has 
passed the weir. The side of the head is also provided with a flow 
indicator which indicates the amount of water in pounds, which has 
passed the weir. ‘This side of the head is also provided with a flow 
indicator which permits reading rate of flow from a distance instead 
of necessitating a close view of the chart. 

When water is just starting over the V-notch the planimeter wheel 
rests at center of disc. As head of water increases, the wheel is 
drawn toward lower periphery of disc and as the disc has a constant 
motion, a correct record is made of water passing the notch in any 
given time. The circular charts used on the recorder are 8 in. in 
diameter for smaller size notches and 12 in. for larger sizes. This is 
large enough for records to be easily read and small enough to be 
filed conveniently. The charts can be measured by a circular plani- 
meter and the record checked against the integrator. 

The recording head may be placed either above or below the 
weighing cabinet, as illustrated on following pages. Where it is 
desired extensions can be furnished so that the recording head can be 
placed either on the floor above or the floor beneath the tank. 

The Venturi Hot Water Meter.—When water flows through a pipe 
containing a contraction like Fig. 3, pressure at throat B is less 
than at inlet A, due to increased velocity at B. In a properly pro- 
portioned pipe this loss of pressure is almost entirely regained at 
outlet C, due to decrease of velocity after water passes throat B. 
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These facts may be easily proved by inserting pressure gages at A, 
Band C. Without increasing the working pressure, practically the 
same amount of water will be delivered through such a tube as through 
an equal length of straight pipe of the same inlet and outlet diameter. 

Temporary pressure loss at B, can be accurately measured by a 
U-tube containing mercury, and it is found to increase approximately 
as the square of the throat velocity—that is—if velocity of water 
at B “doubles up,” difference in mercury levels becomes four times 
as great. 

Clemens Herschel, member of the American Society of Civil 
Engineers, in 1887 invented and patented the Venturi meter, based 
upon the phenomenon above described. The Builders Iron Foundry 
acquired Mr. Herschel’s patents shortly after they were issued and 


Fig. 3.—The Venturi meter. 


since that time has perfected many different types of indicating, 
recording and registering instruments for use with the Venturi tube. 

The size of a Venturi meter is expressed by the diameter in inches 
of the inlet end of the meter tube. It is nearly always possible to 
select a standard meter tube of the same size as the pipe line, with a 
range of capacity suitable for the local conditions. The sizes gener- 
ally used for measuring hot water range from 2 to 12 in., although 
larger sizes have been installed and can be readily furnished if 
required. 

The entire absence of mechanism or projections within the Venturi 
tube, which is the only part through which the water flows, makes 
this type of meter ideal for measuring hot water. There are no parts 
to be warped by high temperatures or to become clogged or scored 
by sediment. The throat of the meter tube is lined with bronze 
carefully machined to the correct diameter and contour. Hence 
initial guaranteed accuracy remains unchanged. 

The register, which is connected to the meter tube by two small 
pipes, can be set at any convenient place where the readings may be 
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easily observed. The latter are controlled by the difference in pres- 
sure between the inlet and the throat of the meter tube. All meters 
are graduated for the standard temperature of 62 deg. Fahr., and a 
curve showing the percentage of correction for other temperatures 
is furnished with the directions for installing. The Venturi auto- 
matically corrects for one-half the change in density so that at 212 
deg. the correction is only 2 per cent. 

Royer flow meters or indicators, are recommended for measure- 
ment of liquid when the pressure does 
not exceed 30 lb. per square inch and 
when the velocities come within the range 
of 40 to 240 ft. per minute. Applied 
directly to the line as shown in Fig. 4, it 
allows the velocity head to be read on the 
scale in terms of the liquid flowing. When 
measuring higher velocities than 240 ft. 
per minute, it becomes necessary to invert 
the manometer unit and use a heavier 
liquid than that flowing, in order to 
keep the differential reading within the 
range of the manometer scale. This 
appliance is especially adapted to lines 
from 34 to 3 in. carrying water, lubri- 
cating oils, the various solutions and 
liquors employed in refineries, chemical 
works, etc. 

Other types of this meter are made for 
greater pressures and velocities, for almost 
any liquid; for steam and for gas. The : 
illustration shows the manner of apply- ag. 4 Rovortion meen 
ing the pitot tube and indicating gages, 
which can be instantly calibrated for any set of line conditions. 
This instrument is the “slide rule” for measurement of flow or 
velocity head and like the slide rule, depends somewhat upon skill of 
the operator for accuracy of results obtained. 

The Gebhardt steam meter as pictured by Fig. 5, consists essen- 
tially of a water gage glass fitted to special gage holders which are 
constructed so that the water of condensation will collect in the gage; 
the height of the water column being a direct measure of the weight of 
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steam flowing in the pipe to which the apparatus is connected. The 
meter is attached to the pipe by means of a 34-in. nipple, and is 
adapted to pipes of any size and in any position. 

The meter is provided with a chart graduated to read in pounds 
per hour for the range of pressures require. When a reading is to 


Fic. 5.—Gebhart meter, on 3-inch pipe. 


be taken, the chart is turned so the given pressure is in line with the 
edge of the pointer and the latter is brought to a level with the water 
column. 

Attached directly to the steam line by tapping in, this meter, in 
addition to measuring amount of steam flowing at any instant, also 
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indicates pressure in the line, velocity of flow and amount of steam 
discharged per hour. Instead of a single pitot tube opening, several 
are used, in accordance with diameter of 
pipe to which the meter may be applied. 
By means of a special meter valve which 
is allowed to remain permanently in each 
pipe where tests are to be made, the 
same instrument can be used for differ- 
ent sizes of pipes and for various pres- 
sures, from zero to 200 pounds or more 
per gage. 

The Republic flow meter as shown by 
Fig. 6, uses a pitot tube or an orifice disc 
to obtain the differential pressure, the 
selection of one or the other being deter- 
mined by the conditions of flow. The 
meter body is connected to the differential 
medium by short lengths of 3g-in. piping. 4g, 6.—Republic, flow meter. 
A wire is led from the terminal post of 
the meter to the recording instrument which is electrically opera- 
ted in a manner illustrated by Fig. 7. 


Fia. 7.—Principle of electric recording. 


The principles involved are demonstrated diagrammatically in 
Fig. 7. The U-tube, partly filled with mercury, is made to balance 
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the impact pressure of the flow in the pipe by the rise of mercury in 
the low-pressure side of the tube. The mercury column also forms 
a part of the electric circuit, as shown in the figure. This electric cir- 
cuit contains a fixed external resistance , in series with a variable 
internal resistance R2, a constant electromotive force LH, an ammeter 
A and a watt-hour meter W. 

In the contact chamber C, which forms the low pressure side of the 
U-tube, there are a number of conductors of varying lengths placed 
above the mercury column, and as the mercury rises it makes contact 
with one conductor after another. The variable resistance R2 is sub- 
divided by these conductors into resistance steps corresponding to the 
varying lengths of the conductors, so that the rise and fall of the 
mercury column varies the amount of resistance and thereby regulates 
the amount of current passing through the circuit. 

The basic principle accordingly involves the laws governing the 
flow of fluids through pipes along with those governing the flow 
of electric current. The problem of establishing the theoretical 
relation between these fundamental laws offered little difficulty 
because of the similarity between the units of flow measurement, 
such as pressure and velocity, and the units of electric measurement, 
such as voltage and current. 

Units of Flow Measurement.—aAll Pitot tube, Venturi meter, 
and orifice plate measurements of velocities and flow-pressures, are 
dependent upon the following relations which in the form given, 
were borrowed from Bulletin 8, of The Republic Flow Meters 
Company: 

The relation between the pressure and velocity of fluids in its 
simplest form is represented by the well-known equation 
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where v and y represent the velocity and density of the fluid; P, — 
P, the equivalent differential pressure; h the height and w the 
density of the liquid column balancing the differential pressure of 
the flow, 


or 
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This differential pressure hw may be obtained, as shown in Fig. 8, 
either directly by balancing the difference between the dynamic and 
static sides of a pitot tube inserted in the line, or indirectly by balanc- 
ing the difference between the high- and low-pressure sides of a 
venturi tube, nozzle tube or orifice plate. In the case of the pitot 
tube, the differential column in the U-tube represents the flow or 
motion existing at the given section of the line, but in the venturi 
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Fia. 8.—Units of flow measurement. 


tube, nozzle or orifice, the column obtained represents the change of 
motion produced by the artificial obstruction of the passage at the 


given section of the pipe. 
In any case, the relation between the differential column thus 


obtained and the velocity of the fluid in the pipe may be represented 
by Equation (1), provided there is introduced the experimental 
coefficient derived for the given tube or orifice. Thus in general, 


v= 0 2p" (2) 
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The volume of the fluid Q passing per unit of time through an area A 
is given by the equation 


Q = Av = ACV qu)" (3) 


the corresponding weight G per unit of time is 
G = Qy = (AV 2gw)CV hy = KCV hy (4) 
and the total weight for a given period of time ¢ is 
Gt = KCt/hy (5) 


CO, meters may be typically represented by the following engrav- 
ings and description of Uehling recorders each of which comprise 
three principal parts, namely: The CO: 
meter proper, the recorder and the auxil- 
iary boiler front indicator. The flue 
gas is analyzed, that is, the CO: is 
extracted, in the CO» meter proper. 

The principle involved in the opera- 
tion of this machine depends upon the 
change wn pressure in a stream of gas 
flowing through two apertures, caused 

Ligh by absorption of its CO» content. 
ae ee ee The way in which this CO. meter 
operates will be understood by referring 
to Fig. 9. A continuous flow of gas is caused to pass through 
first aperture A and then B by means of an aspirator or syphon 
as shown. Reducing the gas volume between the two apertures, 
by absorbing the CO» content, causes a change of pressure in cham- 
ber c, which is transmitted to a recording gage and manometer 
tubes, calibrated in per cent CO». 

Single and six unit CO, meters of the Uehling type are shown by 
Figs. 10 and 11 respectively. A single unit equipment consists of 
the following principal parts: One CO, meter proper, one type M 
recording gage, and one auxiliary boiler front indicator. Also one 
preliminary filter for removing solid particles from the gas as it is 
drawn from the flue. These parts comprise the complete equipment 
required for a single boiler, with the exception of the seamless drawn 
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copper tube connections for indicator and recorder. As the length 
of this tubing varies in different plants, it is furnished separately. 

The CO, meter proper consists essentially of a wrought-iron cylin- 
drical regulator, with cast-iron ends, on which are mounted and prop- 
erly assembled the necessary filters, absorption chamber, aspirator, 
apertures and adjusting cocks. 


Fig.10.—Singleunit Fic. 11.—Six unit 
CO: meter. CO: meter. 


The purpose of this regulator is to maintain constant the suction 
created by the aspirator, thereby eliminating all changes in tension 
between apertures A and B except those caused by absorption. 

Multiple equipment consists of the apparatus used in the single 
unit meter, with other apparatus added as required. Thus a single 
unit meter may be increased at any time to two, three, four, five and 
six sets, without disturbing the original installation. 

Coal meters are made in many forms and are becoming indis- 
pensible additions to boiler room equipment. The Bailey meter for 
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coal and all granular material; shown by Fig. 12, is a simple and 
dependable form of apparatus and the manner of its operation is 


Fie. 12,.—Bailey, coal meter. 


apparent at a glance. 

The counter is self-illuminated and has 
very large figures so it may be read at a 
distance of 50 ft. and can be located at 
a distance from the vanein the pipe. The 
rate of flow of coal or other material may 
be indicated on a multi-pointer gage. 

The quantities indicated by visible fig- 
ures upon the counter may be arranged 
as required in cubic feet, pounds or 
other units of quantity. 

The “C.J.” coal meter as shown by 
Fig. 13, is a form of revolution counter 
which may be applied to the shaft of 
almost any boiler stoker. It can be 
used on Jones or Taylor stokers, in 
fact, any underfeed stoker having an: 
accessible revolving shaft. For Jones 
Stokers the meter is simply pressed on 


the end of the shaft of each Cole Automatic, and securely held 


Fie. 13.—“C.J.’”’ coal meter. 


there by means of friction. It cannot be tampered with by the 
fireman, as it is impossible to remove it by ordinary means. 
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It does not interfere with power feed or hand cranking, and its 
dial can be easily read. A simple clamp brace holds the meter in 
vertical position and allows oscillation with mechanism. For use 
with Taylor Stokers a steel plug (furnished free of charge) is inserted 
in the end of the crank shaft and the meter held vertical and station- 
ary by a brace attached to bearing. 

In operation the meter is very simple. At each revolution of the 
shaft it registers one numeral on its dial. As each revolution signifies 
a certain amount of coal delivered to the furnace, the exact number 
of pounds fired in a given time is, therefore, easily determined by 
multiplying weight per charge by the number of revolutions 
registered on the dial of the meter. 
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Selecting an Air Compressor.—In their excellent pamphlet “ Air_ 

Compressor Installations,” the Gardner Governor Company. advise 
that” you_ be. sure to “Get one big enough.” You always find _ 
increased uses for air when you install a compressor. Air tools, _ as 
they wear use more air and leaks will develop inthe air line and hose, 
no matter how carefully watched. 

Air Compressor Location.—Locate compressor in a light room free 
from dust and set it on a firm foundation. Some day you will have 
to work on it, so set it where you can get around on all sides and see 
what you are doing. 

Compressor Air Tank.—Don’t get the idea that any kind of an air 
tank will do for compressed air, and that a compressed air explosion 
is not dangerous. Lives are lost every year from the use of old boiler 
shells or improvised tanks, the strength of which is unknown. A 
great many use for tanks the ordinary range boilers which were never 
designed for high pressure, especially that carried in some garages. 
In addition they always leak more or less at the joints and are posi- 
tively dangerous. The best tank is none too good. Life is too 
precious to risk for the sake of a few dollars saved in the cost of a 
tank. Drain your tank occasionally to get rid of the water precipi- 
tated from the compressed air. Vertical tanks are usually prefer- 
able. Air tanks should be sufficiently large to prevent pulsations 
in air line and should always be set in such position that water and oil 
cannot drain back into compressor. 

Compressor Air Leaks.— Most careful pipe fitting must be done to 

revent leaks. When you a desire to store air in a tank’and draw from 
it as required ‘and you find the pressure falls too rapidly, go over every 
joint with soap water and see if you can detect a leak. The air will 
cause the water to bubble. A surprisingly large quantity of air will 
leak through a most minute opening. It costs money to compress air, 
so don’t let your money leak away. 
954 
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Inspect air line and hose every week at a time when plant is shut 
down and everything is quiet. You will be surprised at the number 
of leaks you find. 

Air Compressor Safety Valve.—Stock safety valves are not tight 
enough to hold air. Get the kind that are tested by putting on pres- 
sure and holding under water. If they bubble they are not good 
enough for air. Test the valve occasionally to see if it works. Safety 
valve and pressure gage should always be attached to or near top of « 
air tank and not in air line. Both should be tested occasionally. 
Safety valve should be set a little higher than the working pressure. 

Air Compressor Lubrication.—A compressor cylinder requires 
very little lubricating oil, in fact, it is hardly possible to feed oil in 
slow enough for the best results. If a 12-in. cylinder gets one drop 
aminute. Itis a great plenty, smaller onesin proportion. Neveruse 
a cheap grade of oil. Any oil which will give good service in an auto- 
mobile or in a gas engine is all right for an air compressor. All verti- 
cal splash-type compressors carry over some oil and, unless great 
care is taken in lubrication, so will the horizontal. On most work 
this small amount of oil is not objectionable; but where it is, a special 
separator should be used to eliminate oil entirely. Consult with the 
compressor maker in such cases. Follow direction tags for oil 
levels, etc., on splash lubricated machines. 

Compressor Air Pressure.—Never carry higher pressure than your 
compressor is guaranteed for. It is best in regular work to find out 
just how much pressure is necessary and then maintain that pressure 
—-the higher the pressure, the greater the power required. It is a 
waste of power, therefore, to carry unnecessarily high pressure, and 
power costs money. 

Air Compressor Speed.—The maximum speed given in a compressor 

’ manufacturer’s table is as fast as any compressor should ever run. 
With vertical, oil-splash machines of some types their speed should 
never be lower than the rated minimum speed, as the splash will not 
be sufficient to reach the piston pin. Maximum speeds require 
maximum attention, cause a greater amount of heat and shorten 
lift of compressor. 

Air Compressor Heat. —Compressing air_raises its its temperature. 


eee the greater the heat. ~A great many users, 
ot realizing this fact, and finding the compressor cylinder runt r running 


hot, attribute the tFouble to to | Jack of Tubrication nm and “use “an excessive 
Nn aa TN I NITY, 


Mas aea8 + et ee 


956 TULLEY’S HANDBOOK 


amount of oil. This only aggravates the heating trouble, as it causes 
a oil to “carbon, on “valves and piston ‘head... 

WS Compressor Cooling Water. —Use ate water when possible. 
Where inconvenient to do so, a circulating pump makes a good sub- 
stitute. Always use an open metal tank, as it permits heat to escape 
from the water much faster than from a wood tank. Avoid using 
dirty cooling water—it clogs up the water jacket and reduces cooling 
efficiency. Don’t forget to turn on cooling water when you start 
the compressor and shut off cooling water when you stop. In 
freezing weather be sure to drain water jacket. Take cool water in 
at bottom opening and out at top. 

Thermo-syphon air compressor cooling is not recommended. 
If this system is necessary, due to not having city water or circulating 
pump, use an open metal tank set close and above the compressor. 
Pipe from the two openings in water jacket of compressor to tank 
with as few elbows as possible so as to avoid friction of the circulating 
water. Both pipe openings in cylinder and in tank must be below 
level of water in tank. The upper opening in compressor should be 
connected to the upper opening in water tank, lower opening in 
compressor to lower opening in tank. 

Air compressor suction pipe should have as few elbows as possible 
and it is advisable to extend it to a basement or some place where it 
will get a supply of clean, cool air. This is essential. Where the 
suction pipe is over 6 ft. long, make it a size larger than the inlet 
opening of the compressor. 

Air Suction Strainer.—Every suction pipe should have a strainer. 
There is such a vacuum in the pipe it will suck in all sorts of rubbish, 
carrying it under the valves and preventing them from properly 
seating, and causing excessive wear of the cylinder. The strainer 
screen should have at least four times the area of the suction pipe. 
The strainer screen should be cleaned occasionally, as it will become 
foul with rubbish to such extent as to choke the air supply. 

Air Discharge Pipe.—Disharge pipe between the compressor and 
the air receiver should be the same size as the outlet opening of the 
compressor. When troubled with condensed water in the air line, 
it is advisable to install a separator near the point where the air is 
used. If discharge pipe is of great length it should be increased one 
size larger. If unions or couplings are used in discharge line, see 
that openings in gasket are same size as pipe. 
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Air Compressor Check Valve.—Every compressor installation 
should have a good check valve in the discharge pipe. It is a waste of 
time to put in the ordinary cheap kind, as it will in a few days hammer 
so that it will no longer be tight. The only successful check valve on 
the market is of the dash-pot type that will seat only when compressor 
is atrest. Check valve should be placed as close to air tank as possible. 

Air Compressor Belt Drive.—A good grade of leather belt should 
be used. Keep shaft centers reasonably far apart and arrange to ~ 
have slack side of belt on top. Vertical belts should be avoided if 
possible. Be sure that belt runs in center of pulley. If belt does 
not do this, the pulleys are out of line. Belt should be the same 
width as pulley supplied with compressor. 

Air Compressor Unloaded.—When unloader fails to regulate, the 
trouble is invariably friction. Remove the working parts and care- 
fully clean with gasoline. Oil before replacing. The regulating air 
valve of unloader should be connected with air from receiver. If 
connected with air from discharge line, the pulsations of air would 
make the operation of unloader erratic. 

Air Compressor Noise.—When a noise develops in the compressor 
don’t conclude it will cure itself; as a matter of fact it will grow worse, 
and the time to investigate is as soon as it appears. The longer you 
put it off the more expense you are adding and the greater the chances 
for ruining your machine. Bear in mind, that the connecting rod 
of an air compressor requires taking up occasionally just the same as 
on a gas engine or automobile. This is a delicate task and should be 
done just right. If you don’t know how to do it call in an expert 
from a garage or machine shop to do it for you. 

Capacity of Air Compressors.—To ascertain capacity of an air 
compressor in cubic feet of free air per minute, the common practice 
is to multiply the area of the intake cylinder by the feet of piston 
travel per minute. The free air capacity of the compressor, divided 
by the number of atmospheres, will give the volume of compressed 
air per minute. To ascertain the number of atmospheres at any 
given pressure, add 15 lb. to the gage pressure; divide sum by 15 
and the result will be the number of atmospheres. 

The above method of calculation, however, is only theoretical and 
these results are never obtained in actual practice, even with com- 
pressors of the very best design working under the most favorable 
conditions obtainable. Allowances should be made for losses of 
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various kinds, the principal losses being due to clearance spaces, but 
in machines of poor design and construction other losses occur through 
imperfect cooling, leakages past the piston and through the discharge 
valves, insufficient area and improper working of inlet valves, ete. 

In practice there are compressors where losses through imperfec- 
tions and improper working conditions range from 15 to 25 per cent, 
while under favorable conditions and with the average compressor the 
loss averages from 8 to 12 per cent. So, to get sufficiently 
accurate results in finding capacity of the compressor, subtract 12 
per cent from above computation, which gives nearly accurate 
figures. The following table will be found useful for quickly ascer- 
taining the capacity of an air compressor, also to find the cubical 
contents of any cylinder, receiver, etc. The first column is the 
diameter of cylinder in inches. The second column contents in 
cubic feet for each foot of cylinder length. 


CONTENTS OF CYLINDERS 
In Cubic Feet for Each Foot of Cylinder Length 
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To find the capacity of an air-cylinder, multiply the figures in 
the second column by the piston travel in feet per minute. This 
applies to double-acting air cylinders. In the case of single-acting 
air cylinders, the result should be divided by 2. 

Air Compressor Valves.—It appears that compressor selection at 
present time, depends largely upon the type of valves used for inlet 
and outlet of air. Of the many kinds of valves at present in use, it 
seems that certain varieties of service and the attendant conditions, * 
decide which kind and type of valve should be used to obtain best 
results. For this reason, several kinds of air compressor valves 
will be shown and described in the following pages, that compressor 
users and owners may become familiar with, and be able properly to 
select suitable valves for required air compressor service. 

Care of Air Compressor Valves.—lIt is good practice to inspect 
valves at regular intervals and clean off the accumulated carbon 
which may cause leakage, and leakage certainly causes carbon. A 
leaking valve becomes hot from the passage of the heated air back 
through it, and this heat forms carbon from the lubricating oil. 
Carbon in turn makes worse leakage and worse heat, resulting in an 
overheated and warped valve, which becomes worse with continued 

" use. 

Valve trouble may be located in several ways. In a compound 
compressor, if any of the low-pressure valves are out of order, inter- 
cooler pressure will be below normal because the low-pressure cylinder 
will not be furnishing enough air to keep the intercooler pressure up 
to what it should be. Trouble with valves in the high-pressure 
cylinder will be indicated by a rise in intercooler pressure above 
normal. This is because the high-pressure cylinder will not take 
the air away from the intercooler fast enough to prevent building 
up of the pressure. 

The statements as to the effect of the valves upon intercooler 
pressure apply equally well to inlet or discharge valves. Any 
particular defective valve may be located by its being hotter than 
the others. This is especially true of the intake valves. 

One of the most important items in running an air compressor is 
lubrication. In modern machines the running parts are usually 
inclosed in a crankcase and run in oil which is made to circulate from 
the bottom of the bed over all the bearings, pins and guides and then 
run back into the bottom of the bed again. 
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The air cylinders are sometimes lubricated by a sight-feed oiler 
so designed that the pulsation of the air pressure assists the feeding - 
the oil. Sometimes the air cylinders are lubricated with a positively 
driven oil pump. 

Two principles should be maintained in lubricating an air cylinder. 
The first; use only the right kind of oil. The second; use it sparingyl. 
To be the right kind, air-oil should be rather light-bodied and have a 
flash point above 300 deg. Fahr. It should not carbonize under 
air-cylinder temperatures, which range around 260 deg. Fahr. for 
compound compression; to 100-lb. pressure, and 360 to 375 deg. Fahr. 
for single-stage to the same pressure. 

Probably the best way to secure the right oil for air cylinders is to 
buy oil specially made and recommended by reputable oil concerns, 
but a short trial will soon demonstrate the quality of an oil for air 
compressor service. 

As to the second principle: Use the air cylinder oil sparingly after 
a machine has been well run in, three or four drops per minute are 
enough for a good-sized cylinder. If too much oil is used it will 
result in excessive carbonization. Another evidence of too much 
oil is to see it coating the outsides of the cylinders and piping, having 
worked its way through the joints. This is bad practice. 

One important point is that the air receiver has all accumulated 
oil drained out of it every little while. If too much oil is used or the 
receiver is not properly drained, gases may be formed which may 
ignite spontaneously and cause a bad explosion. This is a point 
that should be scrupulously observed in order to secure safety as 
well as continuity of service. 

It is often recommended that a solution of soft soap or laundry 
soap and water be fed to the cylinder at stated intervals to clean out 
carbon deposit. This solution may be fed through the regular 
air-cylinder lubricating devices. Of course, after this treatment the 
interior of the cylinder may rust quickly unless the soap solution is 
followed with oil for some time before shutting down. Never, under 
any circumstances, use kerosene or gasoline to clean an air-compress- 
ing cylinder. Its use may lead to a disastrous explosion. 

Air Compressor Plate Valves.—The Ingersol-Rand plate valve is 
shown assembled and dismantled by Fig. 1, herewith. The valve 
seat A, is a casting made with circular ports as shown. 
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B is the valve bolt, C the valve bolt nut, Z a washer placed between 
the valve seat and the valve proper. F is the valve itself, G a washer 
placed between the valve and stop plate H. 

Washers EF and G, valve F and stop plate H are clamped by means 
of valve bolt B and kept from turning by a dowel pin. 

The portions M of the valve F are integral spring arms. They 


ay i 


Fig. 1.—Ingersoll-Rand, plate valve. 


are ground to about half the thickness of the valve proper and are 
made narrow, giving them great elasticity. These portions M, 
should not be confused with the term springs; they are connecting 
arms between the fixed and the moving sections of the valve and 
serve to hold the valve absolutely in one position and seat it always 
in the same place. This is the main feature of superiority of the 
Ingersoll-Rand Plate Valve and it insures the valve being positively 
supported and yet free from any form of rubbing guide, 
61 
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When at rest the valve is held on its seat by four spring arms of 
stop plate H, against a light tension of integral valve arms M. As 
soon as air pressure required to open the valve is reached, it moves 
against these four springs to its full opening. The instant the piston 
comes to rest at end of stroke, the valve closes. 

The valve itself is made of special steel, tempered and ground 
and is practically tight as soon as put to use. Should it not be quite 
tight when first set up, it becomes absolutely so after a few days’ 
operation. The valve positively conforms to its seat and remains so 
through its life. For a given valve opening, these valves are very 
light, only about one-third the weight of a poppet valve and require 
much less power to open. 

The lift of this valve is very small. A low lift is of the greatest 
advantage in any form of valve, as it permits quicker seating, higher 
speeds and results in less wear, noise and slippage than if the lift 
were greater. Likewise, the valve is subject to less breakage. Owing 
to light weight and low lift, the valve is subject to but little wear and 
shock in opening and closing and therefore has exceptionally long 
life. The valve also moves very quickly, the time required to open 
and close is very short, making high speeds possible. 

Operation of this valve is not dependent upon any valve-gear or 
other mechanism, thus friction is eliminated, with added simplicity 
and high mechanical efficiency. Neither is the valve dependent 
upon exact adjustment and operates well irrespective of position. 
It is equally adapted to both high and low pressures, with ability 
to run at high speed. 

As there are no rubbing parts in this valve, it needs no lubrication, 
which is an important advantage over previous designs, as the proper 
lubrication of air valves has always been a troublesome matter, and 
has often resulted in troublesome carbon deposits as well as air 
becoming too heavily charged with oily matter, necessitating special 
oil separators under certain conditions. 

The cost of repairs with this valve is very light, due to the long 
life assured by the design and the fact that’there is nothing to wear 
but the valve itself, the cost of which is small, while great accessi- 
bility in the cylinder, as well as its general simple design, enable 
repairs to be made in the shortest time. No regrinding is necessary 
and as inlet and outlet valves are identical a minimum repair stock 
is sufficient. 
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Increased efficiency is one of the principal advantages resulting 
from the use of this valve, as the work lost in getting the air in and 
out of the cylinders is reduced to a minimum. This is due not only 
to the tight seating of the Ingersoll-Rand plate valve, but to the 
lightness of the valves and springs, as a consequence of which there 
is minimum inertia to be overcome in opening the valves. Likewise, 
with lesser spring tension in a valve, a smaller difference of pressure 
is required to keep it open. , 

One of the losses in an air compressor comes as a result of the excess 
pressure required, over that maintained in the air receiver, not only 


: “Bumper. “ Valves 
Parts of Suction Valve 


Clamp : Seat Bumper Valves 
Parts of Discharge Valve 


Fig. 2.—Gardner, Duo-plate valve. 


to open the valve, but to hold it open against the opposing tension 
of the spring. The benefit to be derived from light valves and springs 
will be more fully appreciated when it is borne in mind that excess 
pressure must be maintained throughout that part of the stroke 
when the air is discharging, which in the case of a 100-lb., two-stage 
compressor, is over 40 per cent of the stroke. 

Gardner duo-plate air compressor valves as shown by Fig. 2, are 
concentric steel plates of uniform section and light weight with a 
separate and independent plate over each port. They are so 
arranged that the air is drawn or discharged from both the inside and 
outside diameters of both valves, thereby necessitating a very small 


964. TULLEY’S HANDBOOK 


lift with consequent noiseless operation. This combined with the 
light weight insures long life at high speeds. They are more efficient 
than the poppet type and can be easily removed for inspection. 
Valve closing is accelerated by springs. Breakage of these valves is, 
so rare that they are guaranteed free from breakage for 2 years. 
Curtis air compressor valves as presented by Fig. 3, are slightly 
different in discharge and suction—the valve housing is different— 
but in each, the valve itself is a plain disc of vanadium steel tem- 
pered, ground, polished, with rounded edges and seat on a phosphor- 
bronze flat seat of large area and can be removed independent of 
each other and without removing the cylinder heads or loosening any 
pipe connection or fitting. On account of their lightness, toughness 


fia. 3.—Curtis, air-compressor plate valves. 


durability and owing to large contact surface with the seat, the 
valves are practically indestructible. Some Curtis valves at date of 
this printing have been running 231% hr. per day for 7 years and 
on last inspection practically no wear was discernible. Their light- 
ness, small travel and large port areas mean maximum efficiency. 
To sum up, the principal advantages of the use of dise valves are as 


follows: 
1. Improved mechanical and volumetric efficiency over the old 
style poppet valve. 
2. Minimum wear, with reduction in the cost of repairs to a negli- 
gible amount. 
8. The elimination of lubrication of any kind for the valve itself. 
4, Silent operation at the highest piston speeds. 
5. Simplification of the air end, owing to the elimination of all 
complicated valve-operating mechanism. 
_ 6. Dependability and efficiency even at high operating speeds. 
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7. Reduction in floor space and cost of installation on account of 
the greater capacity of smaller units due to the higher permissible 
speeds. 

8. Continuous operation under severe conditions. 

Sullivan air compressor valves are made in several types for vari- 
ous kinds of compressor service. Figures 4, 5, and 6 show respec- 
tively the ‘Wafer’ inlet and discharge valves; the “end-rolling” 


Fig. 4.—Sullivan, ‘““Wafer’’ valves. 


finger valve and guard, and the “low pressure” valves. The Wafer 
valve as illustrated by Fig. 4, consists of thin, flat steel washers of the — 
best. spring steel available, nicely finished by grinding to exact 
dimensions, guard plates, intended to give a wide port opening with 
minimum with clearance volume, and without restricting the admis- 
sion or discharge of the air to or from the cylinder. The valve, 
spring and guard are easily accessible by the removal of a screw plug. 
An automatic unloader is built into the construction and operates 


automatically as required. 
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The simple construction and short compression distance of the 
springs permit the valves to be located much closer to the bore of the 
cylinder than is generally permissible with valves of this type, with 
corresponding reduction in clearance losses. 

The valves are employed in multiples of relatively small size, 
rather than using one or two valves of large diameter, the objection 
to the large valves being the large clearance pockets required and the 
likelihood of more noisy action and greater breakage. 

Sullivan end-rolling finger valves are illustrated by Fig. 5 and 
somewhat resemble organ reeds in their form of construction. The 
same kind and shape of valve is used on both in-take and discharge 
and is of a grid form, shaped like a 
group of thin flat fingers or blades, 
made from special sheet spring steel. 
When in place these valves are rigidly 
bolted at one end only, to a steel guard 
or pressure plate, the other end being 
free. 

The guard plate is curved to form a 
rest or stop for the entire length of each 
__ Fic. 5.—Sullivan, “end-roll- Jade or finger when bent or lifted by 
ing finger’? compressor valves ; ; , 
and cylinder head. the incoming or outgoing air. The 

guards also equalize the lift of the 
valves. In lifting under air pressure, the fingers exercise a rolling 
or rocking action against the guard, opening first at their outer ends. 

In closing, the fingers roll back to their seats, the fixed ends closing 
first and the free, outer points, last. Some advantages of the ‘‘end 
rolling” action are that it is free from any bodily lift that would 
produce a hammering or slapping effect, and that it secures freedom 
from breaking and leakage in a high degree. 

These valves are held to their seats by flat annular springs of the 
same material as the valve itself, which is the finest tempered spring 
steel obtainable. 

The idea for the design of these valves was obtained from the 
familiar band saw, which is continually bending and straightening 
around its pulleys. As the radius of curve of the valve guard plates 
is far longer than that of the pulleys, the durability of this form of 
valve, made of band saw steel or its equivalent, is evident. 
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These valves seat over rectangular slots or ports in the faces of the 
cylinder heads. The inlet valves are located in the upper half of the 
heads, the discharge valves in the lower half, of both cylinders. 
These plate valves, which have received exceedingly thorough tests, 
lasting over a period of many years, are now furnished as standard. 

Sullivan “low pressure”? compressor valves are shown in connec- 
tion with a cylinder-head by Fig. 6, some of the valves being detached 
and some in place in the engraving. For inlet work, the end-rolling . 
finger valves described above are used, but for discharge, the valves 
are of the parallel lift pattern. The fingers or blades are enclosed 


Fig. 6.—Sullivan, parallel-lift plate valve. 


at both ends and the entire valve lifts bodily against a flat leaf steel 
spring shaped like the valve itself. This valve corresponds in its 
action to the ‘‘ Wafer” plate valve illustrated by Fig. 4. 

Single Stage Air Compressor.—Figure 7 presents a modern single 
stage air compressor which embodies the up-to-date requirements of 
present day air compressor practice. As shown by the engraving, it 
is a center-crank, “‘straight line,” with all moving parts at one end, 
the cylinders at the other. The shaft is carried in renewable die-cast 
babbitt bearings which are easily renewable when necessary. 

This air-compressor is fitted with the ‘‘ Wafer” valves shown by 
Fig. 4. The simple construction and short compression distance of 
the springs permit the valves to be located much closer to the bore 
of the cylinder than is generally permissible with valves of this type, 
with a corresponding reduction in clearance losses, 
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The valves are employed in multiples of relatively small size, 
rather than using one or two valves of large diameter, the objection 
to the large valves being the large clearance pockets required and the 
likelihood of more noisy action and greater breakage. 


Fig. 7.—Straight-line, center-crank air compressor. 


“Imperial” Piston Steam Valve.—The form of piston valve shown 
by Fig. 8 is used in the Ingersol-Rand Imperial air compressors and 
is claimed to permit steam economy equal to that obtained with a ~ 
machine of the same capacity equipped with full Corliss valve gear. 
The steam economy is far better than that obtained with any machine 


Fig. 8.—Section through imperial, piston valve. 


equipped with the ordinary flat type steam valve. It has given 
equal satisfaction on high- and low-speed engines, using either satu- 
rated or superheated steam. It is a perfectly balanced valve of the 
telescopic type. The cut-off valves, one for each end of the cylinder, 
are right- and left-hand threaded to the cut-off valve stem which 
telescopes through the main valve stem. 
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Steam is admitted through the interior of the valve, passing in at 
the center and out through the ports near the ends; it is exhausted at 
the ends of the valve. This type of construction, besides permitting 
greater space economy, requires the use of but two instead of four 
ports, thus materially reducing the steam clearance and condensation 
surface. 

The main valve is made in halves joined midway of its length 
where no precaution has to be taken to guard against leakage. The 
ends of the valve, separating the live steam from the exhaust are 
cast integral with the valve halves, thus avoiding the necessity of 
steam tight joints at these points. 

As the steam exhausts past the ends of the valve, the valve covers 
and main valve stem packings are subjected to the exhaust pressure 
only, thus decreasing the liability of leakage and presenting but low 
temperatures to the exterior walls of the valve chest. 

Kerosene in air compressor cylinders should never be used. 
Instead, fill the oil cup with soapsuds, made preferably of soft or 
naphtha soap—one part soap to fifteen parts water—and feed this 
into the cylinder. Let the compressor work a few hours each week 
with soapsuds instead of oil. Feed the solution liberally and then 
open the receiver blow-off and drain off the accumulation of oil and 
water. This cleaning process should be repeated as often as neces- 
sary, the exact intervals depending on the service of the compressor. 
If running at full capacity for a 24 hr. day, about once every week 
or two will be sufficient. If on light load and running for 8 to 
10 hr. per day, once every month or two will do very well. 

The soapsuds can do no harm, but care should be taken to feed with 
oil a half hour before shutting down, so that the parts may not be 
subject to rust, which is the only danger from soapsuds. 

Air Lift Circulation.—This is a simple way of handling air-com- 
pressor cooling water and may be arranged easily and cheaply. By 
locating a small tank 8 ft. above the top of the air cylinder, and using 
a Sullivan air lift mixing tube, controlled by means of a pin valve, 
a very small amount of air is used. The expansion of the air in the 
eduction or return pipe has a very decided cooling effect upon the 
water. 

The diameter of the eduction or return pipe is determined by allow- 
ing an area to handle 8 gal. per square inch. For example, a 10 X 
10-in. compressor having a capacity of 213 cu. ft. per minute would 
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require about 5 gal. per minute or an area of eduction pipe of about 
0.8 sq. in., corresponding to a 1-in. pipe, which is the smallest mixing 
tube that should be used. If a smaller eduction pipe is required, 
reduce it above the mixing tube. 

This method will be found desirable when water supply is limited, 
or when circulating pumps give trouble. 

Explosions in air compressor receivers, and in pipe connections 
thereof have occurred with more or less frequency and have been 
traced to the presence of oil in the pipes where the explosions oc- 
curred. Oil volatized by great heat from compression, will under 
certain conditions, form an explosive mixture which needs only an 
igniting spark to explode as violently and as forcefully as when con- 
fined inside of a gasoline engine cylinder. 

How the igniting spark originates is somewhat of a mystery, but 
that it does come from somewhere is proved by the occasional explo- 
sions which sometimes tear things up badly. It has been proven that 
it requires but a very small amount of oil to render air explosive and 
that as pressure increases, explosiveness of the air mixture is apt to 
increase also. It has been proven also, that under certain conditions 
of leaky compressor valves, and perhaps with a valve “stuck open” 
that compression can easily reach a point which causes ignition of 
the inflammable gases which fill compressor, pipes and receiver. 
Therefore, watch out lest your air compressor under certain condi- 
tions, proves to be a big chunk of dynamite and tears up itself and 
everything around about. 

Two-stage air compression consists of compressing air in consecu- 
tive cylinders, the air being cooled between the stages of compression. 
Air is admitted to the low-pressure cylinder at atmospheric pressure 
and is compressed to a pressure determined by cylinder ratios. Com- 
pressing air raises its temperature so it is then passed through an 
intercooler, where the air is broken up into thin streams and cooled by 
the nest of tubes within the intercooler, through which cold water 
is continuously circulating. The temperature of the air is reduced to 
approximate the temperature of the atmosphere, after which it passes 
into the high-pressure cylinder where it is compressed to the final 
pressure desired and discharged, under that pressure, into the air 
receiver. 

The economy of two-stage compression is recognized by all having 
experience in handling air. Theoretically, there is economy in 
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compound compression regardless of the pressure, but practically 
where the pressure is less than 100 lb. and the volume comparatively 
small, the saving is so slight over the single stage method, as to be 
more than offset by the additional expense. 

Air compressor “‘unloaders” are made in various forms to suit all 
sorts of conditions. The unloader illustrated by Fig. 9 has but three 
operating parts; inlet valve 5, pressure piston 2, and connecting 
lever 4; it may be used on all types of compressors where a suction | 
unloader is used. The nipple 1 is connected to the receiver. When 
the receiver pressure is within 5 or 6 lb. of the predetermined maxi- 
mum, it forces down piston 2 against the action of the tension springs, 
gradually closing valve 5. Any drop in receiver pressure opens the 
valve correspondingly. Will regulate within 3 lb. This unloader 
and that shown by Fig. 10 are Yarway productions and are made 
under the Richards patents. 

Combination Air Compressor Un- 
loader.—This unloader, as shown by 
Fig. 10, is for motor-driven compres- 
sors running intermittently, in which 
the current is cut out and in to stop 
and start the motor. While it operates 
in automatic conjunction with the cir- 
cuit controller, it has no electrical con- 
nection whatever, but is actuated 
solely by the recelver pressure, conse- Treo robin oma ceioee aie: 
quently it does not matter what tion unloader. 
kind of current is used. It cuts out 
the current and unloads at any pre-determined pressure and 
remains unloaded after starting till the desired speed is obtained. 

Closing the 14-in. air cock on the tee connection converts it into 
an initial and pressure unloader for continuous running, should the 
demand for air require the compressor to run continuously. 

It has the following advantages: (1) In starting it cuts out all load 
until the motor has attained the desired speed, thus making possible 
the use of a more economical motor. (2) While unloaded and the 
motor is slowing down, cold air has free passage through the cylinder 
with the resultant cooling effects and prevention of any recoil in 
compressor at its last revolution. (3) It is automatic in action, and 
while it operates in conjunction with the circuit controller, it is self- 

a” 
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contained, having no electrical connection whatever, being actu- 
ated by the receiver pressure alone. Current controller is not part 
of unloader. Any type of controller can be used. 

Steam jet blowers are not usually regarded as air compressors, but 
they do compress it to a slight extent, in some instances to or above 


Fic. 10.—Combination unloader. 


11 in. of water pressure. The engravings, Figs. 11 and 12 present 
two types of Eynon Evans standard blowers, intended to work 
against water pressures noted above. 

With the blower shown by Fig. 11, 1 lb. of steam at 90 lb. pres- 
sure is claimed to handle 600 cu. ft. of free air against 1 in. water 
pressure and the same amount of steam under 100 lb. gage pressure, 
will handle 800 cu. ft. of air under same conditions. The blower 
illustrated by Fig. 12, working against 11 in. of water pressure is 
listed to deliver 8,000 cu. ft. of free air per hour with steam which 
can pass through a 14-in. pipe; and 64,000 cu. ft. of air per hour with 
steam through a 1-in. pipe. 

This device is designed for supplying air to steam boiler furnaces 
and the two engravings are presented that the engineer may familiar- 
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ize himself with modern practice in shape and arrangement of the jet 
tubes in devices of this kind. 

Air lift system of pumping water is very simple and is thus 
graphically described in an Ingersol-Rand Bulletin (Form 77, Feb- 


ANA 


Fia. 11.—Low-pressure Fia. 12.—High-pressure 
blower. blower. 


ruary, 1921) which should be procured if a detailed and exhaustive 
knowledge of air lift water pumping is desired. 

Figure 13 shows how injection of air at the point indicated, pro- 
duces a column of mixed air and water B, which has slightly less 
weight than solid column of water A. Thus, weight of column A, 
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causes water to rise distance C, and overflow. By referring to Fig. 
14, it is seen that the principle involved is very simple, and knowing 
the physical condition of many of these pumps in action, it is easy to 
understand why the air-lift pump has sometimes been charged with 
low efficiency, when the fault was with improper devices, faulty 
piping and proportions. 

In an open well, pond or any body of water, deep enough, no matter 
what its volume, suspend or fix pipes for water and for air, which 
should be submerged for a certain depth according to the lift of water 
required. Water being free to enter the pipe will rise to same height 


Water Discharge , area. 


; 


Grourd Surhoce 5 


Stotie Heod 


Fig. 13.—Principle of the air lift. Fie. 14.—Illustrating air lift terms. 


inside as outside, but this will cause no movement of water, either 
upward or downward. Introduce air under pressure through the air 
pipe into base of water pipe and we have an air lift pump which 
operates as follows: 

Energy operating the air lift is the energy in a volume of com- 
pressed air released in a fluid column in form of bubbles at, or near 
lower end of submerged discharge pipe. Driving force, causing the 
pump to operate continuously, is unbalanced hydrostatic pressure 
in discharge pipe resulting from a mixed column of water and bubbles 
of air of less specific gravity than the outside opposed column of 
unmodified water. 

Ordinary air lift terms are as follows and must be known in order 
to comprehend air lift workings and to calculate its elements and duty. 
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Static Head.—The distance the water stands normally below the 
surface of the ground is called the static head or normal water level. 
It is the distance E to C. 

Lift——The lift consists of the static head plus the drop plus the 
elevation. Distance A to D. 

Drop.—The distance the water recedes when pumping at the 
desired rate. Distance C to D. 

Elevation._—-The distance above the ground surface, at the well, — 
to which it is necessary to deliver the water. This is represented 
by distance A to B. 

Submergence is the distance the pump or foot piece is submerged 
below the pumping level. Distance D to LE. 

The percentage of submergence means the percentage of the total 
vertical air lift column, distance A to H, which is submerged in the 
solid liquid column in the well, when pumping, distance D to E. 

In practice, all drilled wells present two kinds of submergence, 
C to E starting submergence, the distance the pump is submerged 
below the static head, and working submergence D to E which is 
the distance the pump is submerged below the pumping level. 

Pressure required to start the pump is greater than that required to 
keep it in operation, as there will be a progressive lowering of the 
water plane, and consequently a less head of water over the pump, 
until the pumping level is reached. 

0.434 Ib. is the pressure per square inch at the base of a column 
of water 1 ft. high. 

Starting Pressure = starting submergence in feet X 0.434 lb. 

After the pump has started, there is a slight gain, usually neglected, 
due to the column of water moving at a velocity V, hence: 


we =(ws - 7, Joss +P 


where; 
WP = working pressure 
WS = working submergence 
g = gravity 
F = friction in air. 

These variable factors, together with the quantity of water the 
well yields under given conditions, enter into every calculation to 
determine the amount of the air, the pressure required and the 
amount and size of the discharge and air pipes. 
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The term ‘‘head” as applied to mechanical pumps, has an entirely 
different meaning when referred to the air lift. In all forms of 
mechanical pumps, the total head (lift + friction) determines the 
pressure required to operate, while in the air lift the pressure required 
depends entirely upon the submergence, with no regard whatever to 
the height the water is to be elevated. This will be understood when 
it is realized that the pressure required to operate an air lift is 
approximately equal to the hydrostatic pressure of the water column 
standing over the air nozzle or pump. 

An Air Lift Problem.—lIf surface of the water was 100 ft. below the 
point of discharge this would be called a lift of 100 ft.; if the dis- 
charge pipe extended below the surface of the water 150 ft. it would 
be called submergence of 150 ft. the total length of the discharge 
pipe would then be 250 ft. and the submergence would be 60 per 
cent, because 60 per cent of 250, which is the total length of the 
discharge pipe, equals 150, which is the submergence. 

If you have a given ascertained percentage of submergence, the 
actual submergence may be ascertained by multiplying the lift by 
the percentage of submergence and dividing this product by one 
hundred minus the percentage of submergence, as expressed in the 
following example: 
lift X per cent of submergence 
100 — per cent of submergence 


Submergence = 


In the above example if we substitute the quantities in the formula 
we have: 
100 x 60 _ 6000 
100 — 60 40 


= 150 the submergence. 


The percentage or ratio of submergence is expressed as follows: 


submergence 
lift + submergence 


ratio = 


Substituting in the above example we have: 


3 150 150 
ratio = 100 + 150 ~ 250 or 60 per cent. 


Air lift formula given below will enable the engineer to approxi- 
mately calculate the elements of any problem which may present 
itself: 
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height of lift 


submersion should equal 0.5 


For maximum economy 


125 X cu. ft. free air 
lift in feet 
gals. raised per min. X lift 
a pw = 
125 X cu. ft. free air 
gals. per minute 


Air pressure required to start lift = Submersion + Lift x 0.434 
sped) 

Ratio of areas of water pipe to air pipe = 6 to 1 

Return air lift is a system much like the regular air lift above 
described, save that the air sent into the water to be raised is not 
discharged after displacement but is returned to the compressor 
intake. As result of this operation in a closed circuit, the ‘‘ Return- 
air’? system has higher economy than any other displacement system. 
There is no mechanism in contact with the material pumped and the 
system will handle any substance sufficiently fluid to pass its valves. 
Applications of the return-air system are found in pumping water, 
sewage, glass sand, pulp, marl, cement slurry, concentrator slimes, 
etc. It is especially adapted for use as a station pump in mines. 

Air conditioning consists of one or all of three main operations as 
condition of the atmosphere requires, namely: Washing, humidifying 
and dehumidifying. That is, the air must as may be found neces- 
sary, be cleaned, dampened ordried. Carrier’s air conditioning appa- 
ratus is widely used and the chapter written by that gentleman on 
pages 1362-65 of Mark’s Mechanical Engineers’ Handbook states 
the matter so plainly and concisely that much of the chapter in 
question is reproduced below. 

Air washing is effected in machines which contain sprays and eli- 
minators. Air is drawn through mist in the spray chamber and then 
through the eliminator where additional washing effect is obtained, 
The eliminator may or may not be independently flooded. Effi- 
ciency of an air washer may vary from 70 per cent with fine dirt, to 
98 per cent with coarse dirt. 

Some cooling may be obtained with an air washer even when the 
spray water is re-circulated. In well-designed apparatus, this will 
vary from 70 to 80 per cent of the wet-bulb depression. This cooling 

62 


Gallons of water raised per minute = 


Cubic feet of free air per minute = 


Lift in feet above water level = 
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effect is due to evaporation of a portion of the cooling water which 
takes its latent heat of evaporation from the air during its passage 
through the apparatus. 

Air velocities of 450 to 550 ft. per minute through the washer are 
used. Resistance will vary from 0.20 to 0.50 in. of water gage due to 
velocity of the air and type of washer used. Water pressure on the 
sprays should be from 15 to 25 lb. per square inch, depending upon 
nature of the impurities to be removed and design of the nozzles. 
From 3 to 3.5 gal. of water to each 1,000 ft. of air will ordinarily be 
required. 

Air humidifying apparatus may be divided into direct (spraying 
into the room): Indirect (introduction of moistened air) and combined 
(direct and indirect). Indirect humidifiers are similar in operation 
to the spray-type air washer except that water is sprayed directly 
against the incoming air. During cool weather, the dew-point or 
saturation temperature at the apparatus is secured and controlled 
artificially. During warm weather it is often impossible to obtain as 
low a dew-point as desired without refrigeration, which in a majority 
of cases is impracticable. 

The lowest saturation temperature that can be obtained is same as 
outside wet-bulb temperature. Therefore, the dew-point inside will 
always be same as wet-bulb temperature outside. Room tempera- 
tures corresponding to certain percentages of relative humidity are 
given in Table 1. 


Room TEMPERATURES 


Outside Table 1—Percentage of humidity in room 
wet-bulb 
temperature, 
deg. Fahr. 55 60 | 65 | 70 75 | 80 
50 67.0 64.3 52.0 59.8 Le all 56.0 
55 12.0 69.6 6G 65.2 63.1 61.1 
60 Lhe) 75.9 12.5 70.4 68.3 66.3 
65 82.8 80.2 GUESS 75.6 Woo WAG 
70 87.2 85.6 83.1 80.0 78.7 76.7 
75 93.7 90.8 87.3 85.9 83.9 81.9 
80 99.1 96.2 93.4 91.2 89.0 86.0 
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DEW-POINT TEMPERATURES 


$$ 


Room Table 2—Percentage of relative humidity 
tempera- 
tures, 


deg. 
Fahr. 85 80 5 70 65 60 55 50 45 40 3 


65 60.5 |58.8 |56.75/54.75)52.8 |50.7/48.3 |45.8 |43.0 |40.0 |36.75 
70 65.4 |63.5 |61.6 |59.6 |57.5 |55.3/53.0 [50.5 |47.5 |44.5 |41.0 
75 70.1 |68.25/66.3 |64.3 |62.25/60.0/57.75/55.25/52.75/49.0 |45.5 
80 74.8 |73.2 |75.2 |69.25/67.2 |64.8/62.3 |59.75/56.75/53.5 |49.74 
85 79 .75|78.0 |76.2 |74.1 |71.75/69.4/66.9 |64.25/61.25/58.0 |54.2 
90 84.75|83.0 |80.9 |78.8 |76.7 |74.2/71.6 |68.75/85.75/68.55159.0 
95 89.7 |87.8 |85.75/83.6 |81.3 |78.8]/76.25/73.35/70.3 |67.0 |63.2 


In a majority of industrial applications the problem during warm 
weather is as much a question of cooling as of humidifying, and in the 
moist air system, one is dependent upon the other. Air required per 
British thermal unit of cooling effect is given in Table 3. The degree 
of saturation of air leaving the humidifier depends upon intimacy of 
contact of air and water, upon relation of water temperature to wet- 


TaBLe 3.—Cooninae CApaAciTy OF CARRIER HumripiryINnG SysTEM 


Per cent humidity in room........ 50 55 60 65 TODS 280 


Difference between dew-point and 
room temperature, deg. Fahr..../ 20.3) 17.7) 15.2} 12.8) 10.8) 8.8) 6.8 
Cubic feet air (at 70 deg. Fahr.) 
required per B.t.u. cooling effect | 2.74) 3.11] 3.63) 4.31] 5.10/6.27/8.11 


bulb temperature of the entering air and upon length of spray chamber 
and air velocity. The smaller the nozzle orifice, the greater will be 
water and air contact, and greater the degree of saturation obtained. 
It is customary to use smaller nozzles more closely spaced than in an 
air washer, with a water pressure of about 35lb. Higher air velocities 
are used than through an air washer, 600 to 700 ft. per minute being 


980 TULLEY’S HANDBOOK 


the ordinaryrange. Resistance at these velocities will vary from 0.35 
to 0.45-in., water gage. 

Method of Humidity Control. —The several methods of controlling 
humidity in a room or building may be classed as follows: (1) Humidi- 
stat—operated by some hygroscopic material. (2) Wet-and-dry- 
bulb hygrostat, either of the differential or vapor-pressure type, 
consisting of two members, one exposed to wet-bulb, the other to 
dry-bulb temperatures of the air, and maintaining a constant relative 
humidity in the room. 

Dew-point or differential thermostat (3) gives a constant dew-point 
at the apparatus anda constant moisture content in air of the room. 
A second thermostat may be arranged to maintain constant tem- 
perature in the room. A differential thermostat is used when it is 
impracticable to maintain either constant dew-point or constant 
room temperature, controlling either one with respect to the other. 
Table 4 gives heat required for tempering and humidifying air at 
various wet-bulb and dew-point temperatures. 


Wet-bulb Table 3—Relative humidity, per cent at 70 deg. Fahr. 
tempera- (and dew-point, deg. Fahr.) 
ture of 
entering 
air, 30 % 40 % 50 % 60 % 70% 80 % 
deg. Fahr.| (37.25) (44.5) (50.5) (55.3) (50.6) (63.5) 
—10 1,194 1,452 1,653 1,860 2,044 2,245 
0 934 1,246 1,447 1,663 1,840 2,039 
10 750 1,025 1,228 1,445 1,621 1,822 
20 510 779 983 1,200 UASHve?h 1,581 
30 500 496 700 920 1,097 1,300 
AO MIG \eoete one 178 348 603 783 987 
oO | ace ete ah ee ne | epee 220 394 619 
GOR | het Sy AL PS ie easel eye bal iy cree ens ||) mae es 181 


Dehumidifying.—In many industrial establishments, compara- 
tively low moisture content is required in the room, or at least, 
lower than exists in outside air. Reduction in moisture content 
may be obtained by reducing dew-point of incoming air and condens- 
ing excess moisture in one of three ways: (1) By means of some chem- 
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ical process, by bringing the air into contact with calcium chloride 
or with concentrated sulphuric acid—only practical where small 
quantities of air are to be treated. (2) By employing surface con- 
densers, air being passed over brine or direct expansion ammonia 
pipes or other means of refrigeration. (3) By condensation with a 
cold spray and the elimination of any free or entrained moisture. 
Hither artificially cooled water, brine or cold well water is used. 

Heat in B.t.u. Required to Condition Air—Amount required to 
cool 1,000 cu. ft. of air (measured at 70 deg. Fahr.) from various 
entering wet-bulb temperatures to various dew-point temperatures. 

Area Required for Surface Condensation.—The rate of heat 
transfer in cooling air where condensation is variable and depends 
upon proportion of latent to sensible heat removed from the air. 
Providing mean temperature of water in cooling coils is maintained 
constantly, mean ratio of initial to final temperature difference 
between cooling water and the air is substantially the same whether 
there is moisture condensed from the air or not, so the following 
formula (for transverse flow of air) may be used: 


log 10[(tw — ti) /(tw — t2)] = S/(0.11192 + 127A) 


where ¢; = temperature of entering air; t2 = temperature of leaving 
air; t,. = mean temperature of water (all in degrees Fahr.); S = 
square feet of condensing surface; A = clear area in square feet 
through coils; Q = cubic feet of air per minute. 

Amount of heat removed is equal to difference between total latent 
and sensible heat in the air at temperatures of ¢; and f2 respectively. 
It should be noted that air leaving a surface dehumidifier is not 
necessarily saturated. Weight of water. per pound of air leaving 
dehumidifier may be determined approximately from the equation: 


We = Wi —[((Mi — Wa)(t — te)/(t — tm)] 


where W, = weight of water per pound of air entering dehumidifier; 
W» = weight of water per pound of air leaving dehumidifier; W, = 
weight of water per pound of air, contained in air saturated at a 
temperature corresponding to mean water temperature in cooling 
coils. 

The spray-type dehumidifier is similar in design to the spray-type 
humidifier except the two banks of nozzles ordinarily used to each 
stage, spraying against incoming air with a water pressure of 25 
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to 30]lb. Ina properly designed apparatus of this type, temperature 
of leaving air will not be more than 1 deg. above final water tem- 
perature. The air will always become saturated, and thorough 
elimination is required to remove entrained moisture. Water 
required for a one-stage type of dehumidifier may be determined by 
the formula: 


W = N((Ai — Ae)/(tw — te)] = N[(U1 — t2)/(ti — to) Ih, 


where W; = weight of water, pounds; Ne = weight of air,; t. = 
water temperature; t’/1 = initial wet-bulb temperature of air; t2 = 
final dew-point temperature (all in degrees Fahr.); H1 = initial total 
heat in 1 lb. of air at wet-bulb temperature, t’; H2 = total heatin one 
pound of air at final dew-point, t2; h = approximately average total 
chaige in temperature in saturated air as determined from psychro- 
metric tables or charts. The refrigeration required for spray-type 
dehumidifiers is given in Table 5. 

B.t.u. refrigeration required for 1,000 ft. of air (measured at 70 
deg. Fahr.) to cool from a given wet-b lb temperature to a given 
dew-point. 


: Table 5—Entering wet-bulb temperature, deg. Fahr. 
Leaving 
dew-point, 
deg. Fahr. | | 
5C 55 60 65 70 75 80 

(S357 Be Ses. Pienaar ek omecee tl Merde Shed ei mee nba 296 606 961 
GO Fits Gilay fr. ah bearessy aol eee eee 259.0 553 865 1,220 
55 nee 221.5 480.5 777 | 1,086 1,440 
50 see 203 425.0 683 .0 980 | 1,290 1,570 
45 185 388 611.0 869.0 | 1,165 | 1,474 | 1,830 
40 359 569 791.0 | 1,050.0 | 1,345 1,656 | 2,010 
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SECTION XXVIII 
HEATING AND VENTILATION 


Steam heating with which this section deals, almost to exclusion 
of hot-water heating and furnace heating, is divided into several 
systems according to the method of heat application to the space to 
be heated. These are the direct, direct-indirect, and the indirect 
systems. In the first, the radiator is placed directly in the space or 
room to be heated and no ventilation is possible. In the direct- 
indirect system, the lower portion of a radiator is enclosed with sheet 
metal and outside air is brought into the casing thus formed around 
the radiator so that fresh air may be introduced in quantities required, 
directly over the radiating surface. 

Indirect-radiation heating is effected by enclosing the radiating 
surface completely and passing through the enclosure such amounts 
of air as are necessary for heating and ventilating the room to be 
heated. This is the best and most healthful system, likewise the 
most expensive to install and to operate. Thus in indirect heating, 
the radiators may be installed directly under the floor and heated 
air admitted through registers same as for furnace heat, or the 
radiators may be located at a considerable distance and heated air 
sent to the room to be warmed, through pipes or wall ducts same as is 
usual with furnace heating. This is in fact, a combination of steam 
and indirect warm air (when radiators are installed under the floors) 
and when the radiators are all placed in a basement room or elsewhere 
and heated air forced to points desired, then the installation is called 
a plenum system, or a fan-coil system. 

Pipe-distribution systems are also separated into two classes, the 
one-pipe and two-pipe basement main system between generator and 
radiators. The one-pipe is the most simple and is preferred by 
many for steam installations. It is also used to a considerable extent 
for hot-water heating, the theory being that the hotter water travels 
on top in one direction while the cooler return water travels along 
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the bottom of the pipe in an opposite direction. For short runs, 
this system works quite well, but in long pipes, the currents of hotter 
and cooler water may get badly mixed. What happens when the 
two opposite flowing streams pass through risers or vertical pipes, is 
not recorded. 

The two-pipe basement main system is standard for both steam 
and hot-water heating installations. In very small steam installa- 
tions, the two-pipe method may be no better than the single pipe © 
system, but for hot-water work, the two-pipe method is to be pre- 
ferred. In this system two separate and distinct paths (pipes) are 
provided from any radiator to source of steam (or hot-water) supply. 
But whenever the two-pipe system is used, it should have sealed 
returns—that is, there should be a water-seal in the return pipe to 
prevent air or vapor blow-backs through the returns. 

The attic supply system is also sometimes called the ‘ Mill” 
system because it is much used in factories. This system is much 
used for very large installations. Both the supply and the return 
flow downward. The supply-pipe is carried along in the attic, or 
under the roof through one large main from which are taken branches 
to supply the various risers, usually one of each tier of radiators. 

Manner of steam circulation—or of water circulation—has been 
made the subject of innumerable patents claiming increased capacity 
and efficiency in the manner of the heating medium and its pressure. 
This may be called a third classification, and include as follows: 

Gravity systems 

Steam systems, circulating steam at pressures greater than 
atmosphere. 

Modified gravity systems 

Steam systems circulating steam at atmospheric pressure or 
below. 

Water systems, circulating water under pressure at temperatures 
above those possible with the open-tank system and with 
accelerated velocities. 

Combination steam and gas systems with radiators as heaters 
independent of a centralized heat supply. 

Gravity heating systems ordinarily are low-pressure steam installa- 

tions using pressure from 1 to 10 lb. per gage. All pipes in this 
system are graded for each flow of condensation water back to the 


boiler. 
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Modified gravity systems have been provided to meet weather 
conditions without constant attendance. Among these are the vacuum 
vacuo-vapor; vapor; modulation systems, etc., etc. It is somewhat 
of a misnomer to apply the term ‘‘vacuum”’ to these systems, that 
designation belonging really to those systems which havea positive 
partial vacuum in their returns, mechanically produced. 

One, the mercury seal vacuum system has some real claim to the 
name. In this system, a pipe terminating in a mercury pot is so 
arranged as to allow air to escape freely but when well heated and 
pressure fails, if the piping is tight, mercury is drawn up into the 
pipe, maintaining a partial vacuum in the system, causing steam to 
circulate down to as low as 150 deg., in marked contrast to the ordi- 
nary systems where the radiators ‘“‘go dead”’ whenever the tempera- 
ture falls below 212 deg. in the circulating vapor. 

Thus the terms, vapor, vacuo-vapor, modulation, etc., are really 
trade terms and signify that the systems operate at a pressure from 
0 to 1 lb. gage pressure. Many of these “systems” are distinguished 
merely by their manner of regulation. Thus, the Mouat-Squires 
system regulates by means of a completely filled water tank which 
overflows as temperature increases and the overflow water passes 
into a hollow lever which falls and closes the heater damper. 

The Broomell system regulates by means of a copper float in a 
receiver which handles the discharge of a condenser into which the 
air-relief is vented. When water level in boiler is same as that in 
receiver, normal action takes place. When excess steam is generated, 
water collects in the receiver, the copper float is raised, and being 
directly connected with the drafts, regulates them accordingly. 

The Moline and other similar systems have a condenser coil and 
thermostatic control on the air relief valve which connects with both 
main and return. The Honeywell, a purely American system, uses 
a mercury seal connected between upper point of main riser and the 
expansion tank. This arrangement will hold pressure up to about 
10-lb. gage. The Cripps apparatus is somewhat similar and by its’ 
use, temperature of steam in the circulation may be carried as high 
as 240 deg. Fahr. 

There are many other systems of control, even a brief description 
of which is impossible in this section on account of lack of space. The 
engineer who finds himself called upon to install or to care for much 
heating and ventilating apparatus should provide himself with a 
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good book treating at length of these subjects and possibly can do no 
better than to obtain a copy of ‘“Handbook for Heating and Ventilating 
Engineers” Fourth Edition, 1920, by James D. Hoffman, M. E., 
McGraw-Hill Book Company, New York. This book describes 
accurately almost every system of heating and gives all the data 
required for selection, installation and operation of all kinds 
of heating and ventilating apparatus. Many of the preceding 
and succeeding paragraphs were abridged from the Handbook above — 
mentioned. 

Radiator surface required for any room or building may be cal- 
culated by dividing the heat lost, in British thermal units per hour, by 
difference in temperature between inside and outside of room or 
building, the difference in temperature being multiplied before divi- 
sion by a constant which represents the rate of transmission of heat 
per degree per hour through the type of radiating surface used. This 
factor is known as K in some heating formule and varies between 1.93 
and 1.40 for low one-column and high four-column radiators respec- 
tively. The temperature inside of a radiator carrying steam between 
0 and 38-lb. pressure, may be taken as about 220 deg. 

Indirect heating and ventilation comprises a study of so many com- 
plex matters, that it cannot be discussed in the space here available 
and should be studied in the handbook mentioned elsewhere. Ven- 
tilating requires the positive withdrawal of a certain quantity of air 
from the room or it will be found impossible to introduce fresh air 
over the indirect radiator coils and in many instances it is necessary 
to use mechanical means for this purpose. 

Aspiring Coils.—Electric fans are often used to remove used air 
from rooms and in some instances, aspiring coils are placed in the 
ventilating wall ducts, where, by heating the air in the ducts, chimney 
draft action is induced by heating the column of air by means of the 
coils in question. 

Location of radiators is usually under windows and against exposed 
walls of rooms, particularly the outside walls. Tests made for the 
purpose of radiator location, showed that next to locating in the 
center of the room, on the floor along the outside walls, gave the best 
results. 

Pitch of Pipes.—Hot water pipes should have a pitch of at least 1 
in. in 10 ft. and steam pipes should be inclined at least 1 in. in 30 
ft. Connections between radiators and risers should be at least 2 
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ft. long to ensure flexibility of the connection during heating and 
cooling when radiators are turned on and off. 

Insulation of pipes unless used as radiating surface, should be very 
thorough for it is estimated that steam pipes radiate—when laid 
horizontally—as much as 2.65 B.t.u. per hour for each degree of 
difference in temperature between inside and outside of the pipe. 

Water hammer is caused by sudden condensation of steam, causing 
water to rush in to fill the vacuum thus created by steam condensa- 
tion. As steam at atmospheric pressure occupies about 1,650 times 
as much space as the water after condensation, it is evident that 
sudden condensation of a considerable volume of steam can cause 
tremendous shocks which sometimes break fittings and open joints. 
Well-drained pipes are least liable to water hammer and turning on 
steam slowly is a good preventative of what may cause expense as 
well as annoyance. 

Returning water of condensation from a low-pressure heating 
system to a boiler may be effected by one of four methods, vz.: 
Gravity, steam traps, the steam loop, and steam or electric pumps. 
The most simple of all is the gravity system and it should be used in 
all cases when the radiators are above boiler water level and where 
boiler pressure is used in the mains. No valves, fittings or traps are 
required and the water of condensation has free passage direct to the 
boiler. : 

There should however, be water seals placed, one at each radiator 
especially when one is located above the other and attached to the 
same return riser. A water seal in this case, renders each radiator 
entirely independent of all others upon the same return and in no 
way interferes with return of the water of condensation. 

Automatic, steam or electrically operated pumps may be used to 
return water of condensation from radiators below boiler water line, 
but such appliances are expensive in first cost and maintenance, and 
should be avoided whenever possible. The steam loop may be 
made to return water in similar situations, but it is a most difficult 
‘ apparatus to make work at times, and should be avoided whenever 
possible. 

Heat Losses from Buildings.— When casting about for the require- 
ments of a heating system for any room or building, the first opera- 
tion is to calculate the number of British thermal unit lost from the 
building on account of outside temperature and manner in which the 
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building is constructed. And right here is where you will “fall down,” 
perhaps, for there is a lack of reliable conductivity values, especially 
of modern buildings and their materials. 

The older heating engineers used to reduce the surface of walls and 
building to ‘Equivalent Glass Surface’”’ and calculate heat losses 
accordingly. That is, they gave glass a conductivity of 1,000, 
other material less, according to experience and tests, then they 
reduced all wall and floor areas to an equivalent surface of glass and > 
allotted a certain radiating surface to each 10 ft. of the “glass 
equivalent.” 

Modern heating engineers have carried the matter to a far greater 
degree of refinement. The following table, from Hoffman, gives the 
values of K, as the conductibility of a surface is indicated, and from 
this table, the heat losses of the various walls, floors, roof, etc. are to 
be calculated. 


VALUE OF K 


Brickswallars -owlnap laine ergaerrcnsierae <:.rc,cten takers oe 0.37 
Bricktwalled se-orineplaln esp caniousew ne Sela ces es eee 0.29 
Bricka wall-e cin plain sey. ereriree cts ceva mecreete soot 0.24 
IBEiC ka walleo2 In ne plal Nine aac yeh eaten se aera Geen 0.24 
Brickaw all e2.dgln plain earn peter an eis sien nies nice Meroe 0.19 


Brick wall, furred and plastered, use 7 times non-furred 
Stone wall, use 1.5 times brick wall 


GOnCrovemcpnr SOG Meee. tee Ghee hive en ae 0.78 
Concrete nsrnetsOlidivey meee sot eniecis aad shton enna ator 0.71 
Goncretey sarin solid at nce titer ea siausuers cone eee o emies el cue 0.66 
Boncrete sous SOU wre ee cee barat aks ee ence hee 0.56 
Frame wall (plaster, lath, stud, clapboard) .. - 0250 
Frame wall (plaster, lath, stud, sheating, elapbosrdyet 0.28 
Frame wall (plaster, lath, stud, sheating, paper, alae 
DOALC) Pe MN airetnce nett ta. eS cee caube Gerd a eave au ame 0.23 
Windows, single glass, full sash area................... 1.00 
Plate glass, same as window glass 
Windows, double glass, full sash area.................. 0.50 
Skylight, single glass, full sash area.................... 1.10 
Skylight, double glass, full sash area.................. 0.60 
WVOGAGIT COOL 1 me atusedy Aetorcitaaes mcheve tote ake a Suthe. biegvalatetiousees 0.40 
NWVOOGER GOODS 2: Lilie tecctrietatorc paste aye cn ni vextintecayte ius) ele 0.36 
Hollow tile, 2 in., 4 in. plaster both sides............. 0.41 
Holow tile, 4 in., % in. plaster both sides............. 0.33 
Hollow tile, 6 in., 4% in. plaster both sides............. 0.26 


POG PlasterspPALtIVON ns Wig cases parece ois 6161 cclviviavuveles 0.60 
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Solidkplasterparovtlontes dior a) nee ene nner eer 0.50 
Goncretestlooronsbricksarch); oh ean ee ee 0.20 
Fireproof construction as flooring..................... 0.10 
Bireproor-constructlom as cellin oe ame aateielereee renee 0.14 
Singleswood floorom brick anch espe rain 0.15 
Double wood floor, plaster beneath..................-. 0.15 
Wooden beams planked over as flooring................ (Dea lize 
Wooden beams planked over as ceiling................- 0.36 
Lath and plaster ceiling—no floor above............... 0.62 
Lath and plaster ceiling, floor above................--- 0.25 
Steelicollins witht oor. bovers-miaue cries isenee 0.35 
Single 34 in. floor, no plaster beneath.................. 0.45 
Single 34-in.floor, plaster beneath.................... 0.26 


Air leakage is one of the things the heating engineer must contend 
with and the amount of heat lost through and by such leakage is 
often far greater than one has any idea of. Loose windows are one of 
the greatest sources of air-heat leakage and when wind blows just 
right, it is claimed that such leakage increases 25 per cent for each mile 
of increased wind velocity! This gives a clue to why it is so hard to 
heat a room during certain directions and velocities of the wind. 

Some deductions given by Hoffman from tests, showed that there 
were: 


1. Average wind velocity in localities where heating is 


TheayoOP ENT, SHOWIN IMAG Go gnocounecgde HAA ono bu oC 13 
2. Average sash clearance, inches.................0...-- Ye 


3. Air pressure equal to a 15-mile wind against a window 
having 1¥¢ in. clearance, will force 146 to 185 cu. ft. 
of air through each linear foot of window clearance 
per hour, other authorities recommending use of 60 to 
90 cu. ft. 

4. Metal weather strips, etc., reduce leakage as low as 14 to 
16 of that found in the average wooden-framed 
window. 

5. The lineal perimeter of the average window is numerically 
approximately equal to the window area in square feet. 


Exposure allowances form another phase of heating which demands 
the highest skill of the engineer and must also have the backing of 
extensive practical experience in order to even approximately estimate 
correct allowances to be made to the heating system to counteract 
exposure. The following table gives allowances used in American 
practice. Add for: 
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Per Cent 
North, northeast and northwest rooms heavily exposed. 10-25 
East or west winds moderately exposed............... 5-15 
Rooms heated only periodically. :..-...-.-4-..0de.+-- 20-40 
Heat interrupted daily but room kept closed.......... 10 
Heat interrupted daily but room kept open............ 25 
eatioiea tlongsantervial sien eemieen mnie ie ain ene 50 
Rooms 11 to 14% ft. from floor to ceiling............. 3 
Rooms 141% to 18 ft. from floor to ceiling............. 6 
Rooms 18 ft. and above from floor to ceiling........... 10 


Rule for Total Heat Loss.—Estimate for all rooms to be heated, the 
number of square feet respectively of exposed glass surface (full sash 
area), exposed wall surface (gross wall minus glass), exposed doors, 
floors above, unheated or partially heated spaces, ceilings immediately 
below attic spaces and parition walls between heated and unheated 
spaces. With these values and by use of the table of values of K, 
multiply each surface area by its respective value of K and by the 
temperature difference between the two air envelopes on the sides. 
To the sum of these products, add the amount of 0.02 times the cubic 
feet of air change per hour times the temperature difference between 
the inside and outside air, and this will represent the heat loss for a 
southern exposure. For other exposures, add amount allowed for 
losses in table of exposure allowances. 

From the above brief statement of the manner in which heat losses 
should be calculated, it will be seen that the operation is by no means 
a simple one, but calls for a high degree of skill and much experience. 
And the end is not yet, for, to find the combined heat loss of building 
and of provided ventilation, add to the heat loss calculated as above 
described, the amount found by multiplying the number of cubic feet 
of ventilating air exhausted from the building per hour by one fifty- 
fifth of the difference between inside and outside temperatures. 
Then, the engineer—if he does not make other allowances, exceptions 
and additions—is ready to calculate the amount of radiator surface 
required, and afterwards, the boiler capacity, piping and a hundred- 
and-one other points which are connected with heating and ventilation. 

A Little Knowledge Dangerous.—I'rom the foregoing, it is evident 
that a slight knowledge of heating may lead the engineer into great 
trouble. Therefore, do not attempt to lay down extensive heating 
systems without first procuring and making a thorough study of a 
good text book of heating and yentilation as mentioned elsewhere, 
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The above very brief outline will give an idea of how to proceed to 
calculate a slight job of heating, but before attempting work of any 
size, prepare for the work as instructed. 

Value of pipe covering of various kinds may be understood by 
reference to the following table by Carpenter, which gives the kind of 
covering and its relative heat transmitting quality in percentage 
(where iron pipe = 100 per cent). 


VALUE OF PIPE COVERINGS 


Ne KO IDC Sse avian s sti et pmramcuay esate gon ee ates ete eect 100.0 

Two layers asbestos paper, 1 in. hair felt, and canvas 
COVED cia Pie ice ete aie tea eimai ter aha ues aeeeaeaets 15.2 

Two layers asbestos paper, 1 in. hair felt, canvas cover, 
Wwrappedunwiths manila pape teats acess rors ene 15.0 
Two layers asbestos paper, 1 in. of hair felt........... NE 
Hair felt sectional covering asbestos lined:............ 18.6 
OnerthicknesssasbestossbOard: omar w tee eee 59.4 
Four thicknesses asbestos paper...................... 50.3 
Two) layers asbestos sap el ware cits a ekae eee hehe eee oe UU ST 
IW ooliteltwasbestos linedisaer ait orernce tee eee ences 23n1 
Wool felt, with air spaces, asbestos lined.............. 19.7 
Wool felt, plaster Paris lined. ete Rk Set noe SOOO, 
Asbestos molded, mixed with nlagter Pane entrees ote tea 31.8 
Aisbestosfelted, pure long fiber. 2.90.5 4-c11ce- ns nee oe 20.1 
A SbestOSzaAn Cn spONPsa.s anisieiial mauve oatnieae aa mene aera 18.8 
‘A'sbestosian dikw0ollstelity. aevatyern creck nate cree iene 20.8 
Magnesia, molded, applied in plastic condition......... 22.4 
Magnesia: sectionalan. «sath Oe eee ae 18.8 
Mineralewooltsectional’g-rrma. ar eee acres aye ae 19.3 
ROCK woOol Mil bro Us auaetmerio eee ice 20).3 
Rock woolistelted! eit 2a ctac cesta at ae ie ae eee ee tee 20.9 
Fossil méal) moldedsse4, ine bhick wae .6) tele ie eee 29.7 
Pipe painted with black asphaltum................... 105.5 
Pipe painted with light drab lead paint............... 108.7 
0) 


Glossy iawhite-paintrean.. ce uae tae eee ei ae 95. 


Speed of Ventilating Fan.—A blower fan, exhausting into the open 
air, will deliver air with a lineal velocity approximately that of the 
peripheral velocity of the fan blades. If this same fan is connected 
to a system of ducts and heater coils, the lineal velocity of the air is 
reduced because of the increased resistance in the duct system. This 
causes the air to lag or slip between the fan blades and the casing. 
In the average heating system using multiblade fans, this slip may 
be as great as 30 per cent, 
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It is sometimes convenient in applying blowers to heating systems, 
to consider the lineal velocity of the air as it leaves the fan to be two- 
thirds that of the periphery of the fan blades. Since the velocity 
of the air upon delivery from the fan should not exceed 1,800 to 2,500 
ft. per minute, the outer point of the fan blades should not be expected 
to move faster than 2,700 to 3,750 ft. per minute. Knowing this 
peripheral velocity, the revolutions per minute may be selected and 
the diameter obtained. 

Measurement of Air Velocities.—In ventilating work it is often 
of the greatest importance to determine air velocities accurately. 
The correct selection of the sizes of air propelling fans or blowers to do 
a given work depends largely upon the measurement of the velocity 
of air delivery. In acceptance and other tests, this measurement is 
equally important. 

Velocities are most commonly measured by means of a vane wheel 
instrument called the anemometer. It is essentially a delicately 
pivoted wheel having from six to fifteen vanes and similar to the 
common windmill wheel. To the shaft is connected a recording 
mechanism consisting of a set of dials which show velocity of the air 
traveling past the instrument. By reading this recording mechanism 
against a stop watch, velocity of air per unit of time may be obtained. 
Since the instrument works against the friction of moving parts, its 
readings are subject to variation and even with frequent calibrations 
it is not wholly to be relied upon. 

Various tests of anemometers in comparison with the absolute 
readings of a gas tank have shown errors as high as 35 per cent slow 
to 24 per cent fast, in the discharge from pipes 8 to 24 in. in diameter. 
It is not fair to condemn a type of instrument because some instru- 
ments of that class have failed through long service or lack of care, 
but in general it is safe to say that the anemometer as an instrument 
for delicate velocity measurement should be used with great care 
and should be frequently calibrated. 

Point of Average Velocity.—In measuring the flow of air in pipes 
and conduits by means of the Pitot tube or the anemometer, do not lose 
sight of the fact that velocity varies from a minimum at surface to 
maximum at center. Friction along inner surface causes the moving 
fluid to be retarded next to the pipe wall—‘‘skin friction” it is 
sometimes called—and any test or measurement for velocity must 
account for this variation, With a circular pipe the velocity change 

63 
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may be approximately represented by a parabola with its axis on the 
axis of the circular pipe. 

The point of average velocity is variously quoted from one-fourth 
to one-third the radius from the wall toward the center, the value 
depending probably upon the character of the inner surface of the 
tube. For general use, three-tenths will give good average values. 
For conduits of other shapes, the position of mean velocity is difficult 
to determine. The only safe way is to divide the cross-section into 
small areas and take readings in each area to obtain the average. 

This variation of velocity from the center of the stream, lessening 
toward the walls may possibly account for many of the variations 
shown by anemometer tests. It is difficult to locate an anemometer 
so that it will give the correct average reading. In large ducts the 
error will be less. Pitot tube measurements are more easily applied 
and are more reliable. 

Heating Surface Condensation.—The number of pounds condensa- 
tion per hour per square foot of surface in the coils is: 


H 
~ RX heat given off per pound of condensation 


Application. Let R = 2,758 and h’ = 4,023,251; also let 1 lb. of 
dry steam at 5-lb. gage in condensing to water at 212 deg. give off 
1,156 — 180 = 976 B.t.u. Then 


4,923,251 
~ 2.758 X 976 


m 


m = 1.5 lb. 

This amount is an average of all the coils. The first and last sections 
in any bank may vary above or below this amount 33 per cent. The 
first coils will condense as much as 2 lb. of steam per square foot of 
surface per hour under heavy service. 

Live Steam Needed in Excess of Exhaust.—In all steam driven 
plenum heating systems it is economy to use the exhaust steam from 
the power unit as a partial supply for the coils. Let the heating 
value of the exhaust steam from the engine be 85 per cent of that of 
good dry steam, also let the engine use 40 lb. of dry steam per horse- 
power hour in driving the fan. The engine will use 40 X 13.7 = 
548 lb. of steam per hour and the heating value will be 976 X 0.85 = 
830 B.t.u. per pound, or 830 X 548 = 454,840 B.t.u. total per hour. 
Then 4,023,251 — 454,840 = 3,568,411 B.t.u. and 3,568,411 + 976 
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= 3,657 lb. of steam. The boiler will then supply to the engine and 
coils 3,657 + 548 = 4,205 lb. of steam total and will represent 4,205 
+ 30 = 140 boiler horsepower. 

“Rule of Thumb” for Heating Surface.—The following approxi- 
mate rules are sometimes used in checking up heating surface in the 
coils. These should be used with caution. 

Rule 1. “Allow 1 lin. ft. of 1-in. pipe for each 65 to 125 cu. ft. 
of room space, 65 for office buildings, schools, etc., and 125 for ~ 
shops and laboratories.”” Applying this rule to a building having 
approximately 500,000 cu. ft. of floor space, it gives 7,700 lin. ft. 
of 1-in. pipe in the heater. 

Rule 2. ‘Allow 200 lin. ft. of 1-in. pipe for each 1,000 cu. ft. of 
air per minute, at a velocity of 1,500 ft. per minute.”” Applying to 
the above building when the air moves over the coils at 1,000 ft. 
per minute, the heated surface is only about four-fifths as valuable 
and would require 250 lin. ft. per each 1,000 cu. ft. of air per 
minute. This gives 8,333 lin. ft. of coils. 

Change in Expression of Temperature.—It is often found desirable 
to change the expression for temperature quantity of heat from one 
system of terms to that of the other. For this purpose the following 
equations will be found useful: 


F = %C + 32 and C = (E — 32)5 


where F = Fahrenheit degrees and C = Centigrade degrees. From 
these equations it may be seen that the two scales coincide at but 
one point, —40 deg. For conversion of the quantity units the 
following may be used: 


TB tree — 02 527calk 
1 cal. = 3.968 B.t.u. 


These are for the absolute conversion of a certain quantity of heat 
from one system to the other. If the effect of this heat is considered 
upon a given weight of substance and the weight also is expressed in 
the respective systems, the following values hold: 


1 cal. per kilogram = 1.8 B.t.u. per pound. 

1 B.t.u. per pound = 0.555 cal. per kilogram. 

For conversion tables see Marks’ Mechanical Engineers’ Handbook or 
’ Kent’s Mechanical Engineers’ Pocket-book. 
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ELECTRICAL H®aTING EQUATIONS 


1 hp. = 746_watts. é 2 6 

1 hp. = = 6,300 ft.-lb. per ‘minute = 1,980,000 ft.-lb. per hour. 

1B tan 7 Sott.lb: 

1 hp.-hr. = 1,980,000 + 778 = 2,545 B.t.u. per hour. 

1 hp.-hr. = 746 watt-hr. = 2,545 B.t.u. per hour. 

1 watt-hr. = 3.412 B.t.u. per hour. 

1 watt-hr. = 3.412 + 170 = 0.02 sq. ft. of hot water radiation. 
1 watt-hr. = 3.412 + 225 = 0.0134 sq. ft. of steam radiation. 
1 kw.-hr. = 20.1 sq. ft. of hot water radiation. 

1 kw.-hr. = 13.4 sq. ft. of steam radiation. 


Hot Water in Indirect Coils.—In most cases low-pressure steam 
is used as a heating medium in indirect heaters. It is possible to — 
use hot water where a good supply is available. In such an arrange- 
ment, the coils will be calculated the same as for steam excepting 
t2, which will be replaced by the average temperature of the water. 
The pipe connections and the arrangement of the coils will follow 
the same general arrangement as for direct heating. 

Instruments Used in Measuring Temperature.—Instruments 
intended to indicate degree of intensity of heat, 7.e., the temperature 
of substances, are designed upon many different principles. Of 
these the following represent the important general classifications: 

Expansion.of a Liquid with Increase in Temperature.—The 
ordinary mercury, alcohol or ether-in-glass thermometers belong to 
this great class. Mercury thermometers should not be used to 
register temperatures near the top of the scale for fear of rupturing 
the glass. To overcome this difficulty some thermometers are made 
with a mercury-well at the upper end of the column. The objection 
to be offered to this form is the difficulty of completely emptying 
the upper well after it has been partially or wholly filled with mercury. 

The ordinary mercury-in-glass thermometer, either with or 
without the upper mercury-well, should not be used on temperatures 
above 600 deg. Fahr. because of the fact that mercury boils at 680 deg. 
Fahr. Mercury-in-glass or mercury-in-quartz thermometers have 
been used up to 1,300 deg. Fahr. by compressing into the space above 
the mercury some neutral gas, as nitrogen or carbon dioxide. This 
type, however, is open to the objection of high breakage costs. Due 
to the fact the mercury freezes at —38 deg. Fahr. it cannot be used for 
low-temperature thermometers. These are usually made with alcohol 
as the liquid, since alcohol freezes at—170 deg. Fahr. 
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Expansion of a Solid with Increase in Temperature.—Instruments 
built upon this principle are commonly called expansion pyrometers. 
Inside the stem of the instrument is a metallic expansion element, the 
movement of the free end of which operates the hand on the dial. 
Such an instrument may be used up to the lowest temperature of the 
softening point of the metals in the stem. Ordinarily, errors of 2 to 5 
per cent, may be expected in the temperature reading. 

Fusion of Cones of Refractory Materials—This principle is 
exceedingly simple in application. Several of a series of cones, 
varying in mineral composition and hence in melting points, are 
_ exposed to the temperature to be measured and this temperature is 
indicated by that cone of the series which just melts or softens suffi- 
ciently to loose its shape. With the cones is furnished a table of 
temperature for comparison. Seger cones for such measurements 
may be obtained to indicate temperatures from 1,092 to 2,800 deg. 
Fahr. by increments varying from 25 to 55 deg. 

Transfer of High-temperature Body and Its Heat to Known 
Quantity of Water.—This is the principle embodied in all pyrometers 
of the calorimetric type. A thoroughly insulated vessel contains a 
known quantity of water, a thermometer and stirring device. A ball 
of platinum, copper or iron of known weight and specific heat is exposed 
to the temperature to be measured, by means of a handle or by a 
small crucible. When the ball has reached its upper temperature, 
the rise of temperature of the water is noted from the 
thermometer. 

Upon the suppositions that all the heat in ball is transferred to the 
water and that the ball and the water finally reach the same tempera- 
ture, the assumption may be made that the heat gained by the water 
equals that lost by the ball, hence the product of the weight, tempera- 
ture rise and specific heat of the water, divided by the product of the 
weight and specifie heat of the ball, gives the drop in temperature 
through which the ball has passed. From this the upper temperature 
reached by the ball may be obtained by adding to the temperature 
drop, the final temperature of the water and the ball. 

Let s = specific heat of the ball, 7 = upper temperature of the 
ball, m = weight of the ball, f and ¢’ respectively, beginning and ending 
temperatures of the water, and w = weight of the water. Remem- 
bering that the specific heat of the water is 1, we have 


w(t! — t) = sm(T — t’) 
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whence 


pa vt=o> 


sm 


The objections to this method of temperature measurement are its 
slowness due to the necessary computations and manipulations, and 
the fact that considerable error may be introduced during the 
transference of the ball from the heated space to the calorimeter. 
When this method is used for very high temperatures the ball is made 
of porcelain or fire clay. 

Change of resistance of an electric conductor or change of voltage 
of an electric thermo-couple. Instruments built upon either of 
these two electrical principles are extremely delicate but give very 
accurate results, it being possible to determine temperatures up to 
2,000 deg. Fahr. with a variation of but 1 or 2 deg. 

For practical work electric pyrometers are more commonly of the 
thermo-couple type, a porcelain tube enclosing a thermo-couple of 
two dissimilar metals. If this tube is subjected to the temperature 
to be measured, the potential generated by the couple upon heating 
is proportional to the temperature. Hence, if connected to a volt- 
meter, the voltage generated may be indicated, or as is usual, the 
temperature may be read directly, since the scale of the voltmeter 
may be graduated in degrees instead of volts. 

This type of pyrometer is extensively used. From each of a large 
number of testing points, thermo-couple wires may be brought to a 
central point, where by means of a switch the temperature at any 
couple may be instantly observed by throwing its current into a 
common voltmeter or temperature indicator. 

Other types of temperature measuring instruments are designed 
upon the principle of the optical pyrometer, and the gas and air 
thermometers, but these are not used to as large an extent in practice 
as are the five above mentioned. : 

Conduction.—This method of heat transmission is very evident 
to the senses. If a rod of metal is heated at one end, the heat is 
transferred or conducted along the rod by molecular action. Conduc- 
tion being essentially the way by which solids transfer heat is of 
special significance in the calculation of heat losses through the walls 
of a building. The coefficient of conduction may be defined as that 
quantity of heat which passes through a unit of thickness of substance 
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in a unit of time across a unit of surface, the difference of temperature 
between the two sides of the substance being one unit of the thermo- 
metric scale employed. 

The amount of heat conducted through material in a given time is 
directly proportional to the difference in temperature between the 
two parallel sides of the substance and inversely proportional to the 
thickness. As a formula H = c/b(t: — t2) where c = coefficient 
of conductivity, 6 = thickness of material in inches, and t; and t, = 
respective temperatures. 

Since the complexity of building structures renders it impossible 
to reduce all conduction losses to losses per unit thickness of the 
structure, the term ‘‘rate of transmission’? may be used instead of 
conductivity, and may be understood to include combinations of 
conductivities and thicknesses. This may be illustrated by the ordi- 
nary baloon frame wall. 

Convection.—Gases and liquids convey heat most rapidly by this 
method, which is fundamental with the warm air and hot-water 
heating installations. If it is attempted to heat a body of water by 
applying heat to its upper surface it will be found to warm up with 
extreme slowness. If, however, the source of heat be applied below 
the body of water, it will heat rapidly. 

What actually happens is this; water particles near the source 
of heat become lighter, volume for volume, than the colder particles 
near the top, and because of a change in density, gravity causes an 
exchange of these particles, drawing the heavier to the bottom and 
allowing the heated and lighter particles to rise to the top thus form- 
ing circulation currents. 

This process is known as convection. It will not occur unless the 
medium expands upon being heated and unless the force of gravity 
is free to establish circulating currents. In the hot-water heating 
system, water rises by convection to the radiators, is there cooled and 
descends by the return circuit to the point of heat application complet- 
ing the circuit. The warm air furnace installation works similarly, 
air, however, being the heat carrying medium. 

Heating Water in Tanks.—I'rom experiment it has been found 
that 1 sq. ft. of pipe, filled with steam and immersed in water, will 
condense 0.155 Ib. of steam per hour for each degree Fahrenheit of 
difference between the temperature of the steam and the mean 
temperature of the water. 
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How many square feet of pipe must the coil contain? 

Referring to Chart A, find the horizontal line marked 120 deg. 
temperature difference, which intersects the diagonal at the vertical 
line reading 18.60 lb. (quantity of steam 1 sq. ft. will condense in 1 
hr.), and as 500 lb. is to be condensed, divide 500 by 18.60, which 
gives 27 sq. ft. of pipe. To condense 500 lb. in 2 hr. will require half 
of 27, or 13.5 sq. ft. 
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These experiments were made with 114-in. black iron pipe. 
Galvanized iron pipe would doubtless be better, as it would not 
corrode so quickly. Brass pipe would be the best to use, not so 
much for its higher conductivity as for its resistance to the action of 
impure water. 

Example.—lt is required to condense 500 lb. of steam per hour in a 
pipe coil immersed in the water of a storage tank. 
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DEGREES 
Temperature of steam in the pipe..............d2+«.... 220 
Initial temperature of the water....................... 40 
Terminal temperature of the water..................... 160 
Mean temperature of the water.........4.2..:..1...... 100 
Temperature difference between steam and water........ 120 


Boiler-power for Heating Swimming Pool.—In heating large 
bodies of water, large boilers are employed, and when anthracite 
coal is burned in them, there will be available, from each pound of - 
coal burned, 8,333 B.t.u. or 8.6 lb. water will be evaporated, and on 
this basis the chart is constructed. 

One square foot of grate will burn 8 lb. anthracite coal per hour, 
which is the index for finding the size boiler required for a given 
quantity of work. 

The horizental lines on Chart B represent water in U. S. gallons, 
which may be increased by any suitable multiplier, providing the 
coal and steam required are increased in like proportion. 

The figures at the bottom of vertical lines show the coal required, 
each line representing 10 lb., and those at the top, steam generated 
by the combustion of the quantity of coal on the same vertical line— 
each line representing 86 lb. of steam. 

The diagonal lines represent the rise, or increase, in temperature of 
the water per hour in Fahr. degrees. 

What size boiler is required to warm from 40 to 80 deg. in 24 hr. 
water in a swimming pool, containing 130,000 gal.? 

By reference to Chart B it is found that the horizontal line marked 
1,000 gal., intersects the 40 deg. diagonal line at the 40 lb. vertical 
line, showing that 40 lb. of coal are required to add 40 deg. to 1,000 
gal. of water. Then 100,000 gal. will require 100 times as much coal, 
or 4,000 lb. In the same manner 3,000 gal. require 120 lb., and 30,000 
gal. will require ten times 120, or 1,200 lb., making a total of 5,200 
Ib. of coal which must be burned to add 40 deg. to 130,000 gal. of 
water. 

Having 24 hr. in which to heat the pool, divide 5,200 lb. by 24, 
and it is found that 216 lb. of coal must be burned per hour for 24 
hr. Now as 8 lb. of coal is burned per hour on 1 sq. ft. of grate, 
divide 216 by 8, which shows that boilers containing 27 sq. ft. of 
grate must be provided. LHach grate section of the usual 36-in. 
sectional boiler contains 2 sq. ft. of grate and cast-iron sectional 
boilers have one less grate section than the total number of sections 
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in the boiler. To obtain the 27 sq. ft. of grate, select two which will 
have 14 sq. ft. in each. 

Heating Pools by Steam Coils.—If the pool is to be heated by steam 
coils and the temperature of the eee is 215 deg., the mean tem- 
perature of the water is 40 + 80 + 2 = 60 deg. and 215 — 60 = 155 
deg. temperature difference Roemer steam and water. 

Turn to Chart A, which shows that with this temperature differ- 
ence | sq. ft. of pipe will condense 24 lb. of steam per hour, and as 216 
lb. of coal must be burned per hour, find by interpolation in Chart B 
that 216 lb. of coal will evaporate 1,857 lb. steam, which divide by 
24 and find shall require in round figures 78 sq. ft. of condensing pipe 
in the pool. The boilers will be the same size as for water. Seventy- 
eight square feet is equal to 180 lin. ft. of 144-in. pipe, 156 ft. of 114 
in., or 125 ft. of 2 in. If but 12 hr. can be allowed to do the work, 
double the hourly consumption of coal and steam and furnish boilers 
of double the capacity required for 24 hr. time. As there will now be 
twice as much steam to condense in an hour, double the quantity 
of condensing coil. 

There is, however, another factor which must not be overlooked. 
In large bodies of water, warmed in the manner just described, there 
will be a zone, of which the condensing pipe is the center, where the 
mean temperature of the water will be much higher than figured in 
the foregoing, unless artificial means are employed to agitate the 
water and keep it all at an even temperature. It will, therefore, be 
good practice to add at least 50 per cent to the condensing coil when 
used in large bodies of still water. 

Tank-heater Capacity——Power in small tank heaters at 7,000 
B.t.u. per pound coal: 


Size round grate in tank heaters, inches.. 10 1215 18 21 24 27 30 
Average hard coal capacity, pounds..... 25 40 75 120 180 225 300 370 
Average hard coal available, pounds..... 20 32 60 96 145 180 240 300 
Maximum coal consumption per hour, 
pounds (8 lb. per square foot grate 
[aLepea AOD NE ow phen Heeg.t Ooms ate aaeee uk NERC 4.46.3.10 1416.3 25 32 40 
HOU wel: 6 GeoeOn Oud nee noe dao 


Example.—What size tank heater running at maximum capacity 
will add 140 deg. to 120 gal. of water in 1 hr.? By referring to 
Chart C we find the 120 gal. horizontal line intersects the 140 deg. 
temperature line at the 20 lb. vertical coal line, and a reference to 
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data at bottom of Chart C shows that a heater with 24-in. grate will 
burn 25 lb. coal per hour running at maximum capacity, which would 
be the correct size to select. 

The figures on Chart C are based on the work being accomplished 
in 1 hr. and in the above example 20 lb. of coal must be burned 
in 1 hr. to produce the required energy, but 20 lb. of fuel must be used 
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whether the work is done in 1 or 10 hr. If the time is 2 hr., select a 
heater that will burn 10 lb. per hour, or a 15-in. grate. The 10-in. 
grate will do the work in 444 hr.; the 12-in. grate in 4 hr. 

The vertical lines represent coal in pounds. The horizontal 


lines represent water in gallons. The diagonal lines represent 
temperatures. 
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Ventilation Data.—As stated in earlier paragraphs of this section, 
loss of heat in rooms is caused by: 

First.  B.t.u. necessary to warm air. 

Second. B.t.u. absorbed by walls. 

Third. B.t.u. absorbed by ceiling. 

Fourth. B.t.u. absorbed by floor. 

Fifth.  B.t.u. absorbed by windows. 

Sources of heat in rooms (Schuman, authority): 

First.  B.t.u. generated by occupants. 

Second. B.t.u. generated by gas, lamps or candles. 

Third. B.t.u. generated by heating apparatus. 

An adult requires each hour for respiration and transpiration 215 
cu. ft. or 215 X 0.077 = 165 lb., and generates 290 B.t.u. of which 99 
units are in form of vapor and 191 units radiate to surrounding 
objects. 

The following data is quoted from several authorities supposedly 
correct: 

An adult vitiates per hour 2.15 cu. ft. air. 

Each cubie ft. gas burned requires 8.5 cu. ft. air. 

Each lb. oil burned requires 150 cu. ft. air. 

Hach lb. candles burned requires 160 cu. ft. air. 

B.t.u. generated by an adult per hour, 191. 

B.t.u. generated by burning 1 cu. ft. gas, 600. 

B.t.u. generated by burning 1 lb. oil or candles, 15,000 to 18,000. 

Average gas burner consumes approximately 4 cu. ft. gas per hour, 
which equals 2,400 B.t.u. per hour. 

Each flame from oil lamp 430 to 515 B.t.u. per hour. 

Each candle 454 to 545 B.t.u. per hour. 
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SECTION XXIX 
INTERNAL COMBUSTION ENGINES 


What is an Internal Combustion Engine?—This type of engine is 
often called the ‘‘Gas Engine,” but whether made to consume gas, 
gasoline, kerosene, fuel oil, raw petroleum or even finely powdered 
coal, is much the same machine. Producer gas enables this class 
of engines to develop power from grades of coal which cannot be 
burned under steam boilers. 

In the internal combustion engine, combustion takes place directly 
in the cylinder, that is, chemical energy is changed into heat energy 
in the cylinder, which acts in this case as the furnace of the boiler, 
hence the name—internal combustion engine. 

Advantages of a Gas Engine.— While it is shown that action of a 
steam engine and a gas engine are almost identical, where do advan- 
tages of the latter come from? The answer is—in the greater heat 
efficiency of the internal combustion engine. Theoretically, the 
efficiency of any heat engine, steam, gas or oil, is in accordance with 
the Carnot cycle, that the efficiency will be found by dividing by the 
highest absolute temperature, the difference between the highest and 
lowest temperatures, namely the temperatures of boiler-pressure steam 
and the atmosphere—or vacuum—or the temperature of combustion 
in the gas engine cylinder and that of the atmosphere, whatever it 
may be. 

The Carnot cycle is shown by the following equation, where: 


Ba = the 
<5 a7 


Efficiency = 7 
1 


where 7, is the absolute temperature of highest point of steam or 
explosion, and J», is temperature of the low point—the exhaust in 
fact, which is usually that of the atmosphere and may be that of 
several inches of vacuum, the same usually, for both types of engines 
when the steam is used non-condensing. 
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In the steam engine, the value of 7; is about 862 deg. for 250 lb. 
(gage) steam pressure. With a value of 7’, 70 deg. Fahr. or 530 deg. 
absolute, the efficiency would be 0.385. With a temperature of 
2,500 deg. Fahr. in cylinder of the gas-engine, efficiency would be 
0.83, or more than twice that of the steam engine, showing that the 
gas engine has an advantage in efficiency over the steam engine in 
proportion of 0.83 to 0.385. But neither type of engine can show 
nearly so great an efficiency. Mechanical and other losses, in both 
forms of engine, lower the available heat utilization until the steam 
engine can claim barely 6 per cent effective use of the heat absorbed, 
while the gas engine can lay claim to about 25 per cent. The rule- 
of-thumb heat distribution for gas or internal combustion engines 
being as follows: 

25 per cent lost in exhaust 

25 per cent lost in cooling water 

25 per cent lost in engine radiation, etc. 
25 per cent available for useful work. 


Yet, after all, the gas engine seems several times as efficient as 
the steam engine of the best type known. 

Heat Losses.—In the steam-engine cycle, if steam is cooled below 
the boiling point corresponding to its pressure, some of it is condensed 
and the heat radiated is a direct loss. The problem is to retain all 
heat of the steam until it leaves the cylinder, or at least to prevent 
radiation so the maximum amount of heat will be available for work. 

Another and greater loss is the heat of vaporization at exhaust 
pressure. A large part of heat that is transferred from boiler furnace 
into water in the boiler goes into latent heat or heat of vaporization. 
This heat is not available for doing work and is lost by being dis- 
charged into the atmosphere. 

With the gas engine, the reverse is true and, instead of retaining 
all the heat in the cylinder, some of it must be removed by conduc- 
tion because temperatures are high enough to be injurious to the 
metal in contact with the hot gases. This excess heat is removed 
by the water jacket. 

Effect of heat on the gases in a gas-engine cylinder is to increase 
the pressure. In order to reduce 7’: as low as possible and thus 
increase efficiency, gases are expanded in the cylinder. To bring 
gases in cylinder down to atmospheric temperature, complete expan- 
sion, or expansion down to zero pressure would be necessary. Practi- 
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cally, that is not possible and the gases are exhausted at a pressure 
and temperature considerably above that of the atmosphere. This 
is another large loss of heat which still further reduces the theoretical 
efficiency. 

Source of power in gas engines is inflammable gas or vapor ignited 
in the cylinder. Temperature increases when the gas is ignited and 
resulting pressure drives the piston forward. Many different kinds 
of gas vary in heating power and the effects obtained by ignition and 
explosion cannot be determined or understood without a knowledge 
of chemical constituents of the gas, and the proportions in which it is 
combined with oxygen of the air. 

Gas does not contain the oxygen necessary for combustion, there- 
fore it can never be burned by itself but must be diluted with a large 
quantity of air. Unless composition of the gas and ratio of its dilu- 
tion with air are known, it is impossible to determine the pressures 
and temperatures in the cylinder and to calculate the amount of 
work the gas ought to do. 

Atmospheric Pressure Gas Engines.—Gas can be ignited in an en- 
gine cylinder at atmospheric pressure, but as higher explosion pressures 
and greater efficiency result if the gas is compressed before ignition, 
this method is used in almost every gas engine, the gas being com- 
pressed in the working cylinder, one stroke being devoted to this work. 

The Water Jacket.—A special feature of gas-engine cylinders is; 
that on account of high temperatures reached, they are always pro- 
vided with some means of cooling the walls. In the smallest sizes 
the radiating surface has been increased by ribbing outside of the 
cylinder so as to expose a large surface to cooling effect of the air, 
hence the ‘‘air-cooled”’ engines. 

In larger engines, ‘‘air-cooling” is not sufficient; so the cylinders 
are made with double walls, between which water is circulated to 
keep the inner wall cool. 

Gas-engine Cycle Operations.—In gas engines, six operations 
must be performed for a complete cycle: 

I. Admission 
II. Compression 
III. Ignition 
IV. Explosion or combustion 
VY. Expansion 
VI. Exhaust 
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There is one explosion to each cycle of operation, but there may be 
one or two revolutions of the crank shaft to each cycle, thus there 
may be two or four strokes of the piston made during each cycle 
therefore, instead of saying “‘two-cycle” or “‘four-cycle” gas engine, 
it should be stated, ‘“two-stroke-cycle”’ or ‘‘four-stroke-cycle.”’ In 
the former, all six events noted above, take place during a single 
revolution of the crankshaft, or during two strokes of the piston, one 
inward, the other outward. 

The four-stroke-cycle gas engine uses two full and snipe 
revolutions to handle events for a single explosion. In this type of 
engine, admission takes place during an out-stroke of the piston, 
compression during the following in-stroke and expansion—the 
power stroke—is the next out-stroke of the piston, exhaust being 
effected during the in-stroke of the piston, the remaining stroke of the 
four comprising the cycle which embraces two complete revolutions 
of the engine shaft. 

The two-stroke-cycle gas engine exhausts and takes in a new 
charge of gas during the out-stroke of the piston which is also the 
explosion and power stroke. Compression and ignition take place 
during and at end of the inward piston stroke. Thus the out-stroke 
of this type of gas engine has crowded into it, explosion, expansion, 
exhaust and admission, the inward stroke being loaded with compres- 
sion and ignition. 

The fact that four operations of a cycle are crowded into a single 
piston stroke is evidence that the several events must lap over each 
other more or less, thus lessening the efficiency of the engine when 
compared with work of the four-stroke-cycle engine, where the 
several operations have opportunity for more perfect completion 
than in the two-stroke-cycle-cylinder. 

The first gas engine was constructed by John Barber in 1790, at 
least he took out a patent in that year for a device which ignited 
home-made gas from wood and oil, and burned the gas with air at 
constant pressure. The products of combustion issued in a con- 
tinuous stream and were made to drive a sort of paddle wheel, thus 
anticipating the gas turbine of today and tomorrow. 

The Otto gas engine, brought out at the Paris Exposition of 1878 
marked the advent of present day four-stroke-cycle engines and a 
little later, Dugald Clerk, an English Engineer, brought out what 
may be regarded as the ancestor of present day two-stroke-cycle 
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engines. It was developed to obviate the necessity of an explosion 
at every other stroke only. Mechaineal difficulties of manufacture 
prevented its coming into general use for many years but for marine 
use at the present day, the improved two-stroke cycle engine is 
largely used. 

Dozens, perhaps hundreds of makes of gas engines are being manu- 
factured by very many concerns now-a-days, their multiplicity 
preventing description or even their being named in these pages. 
The prevalence of the automobile has brought the internal combus- 
tion engine to be so well understood by nearly everyone, that no more 
space will be devoted to its description, care or use in these pages, 
but attention will be given at length to the most recent, most 
economical, and most largely used internal combustion engine for 
large units—The Diesel and semi-Diesel types. 

The Diesel oil engine, as originally designed, was intended to use 
air alone, compressed to far above the ignition point of oil or gas 
vapor. But as there was no fuel in the air at the time it was driven 
into the engine cylinder, there could be no ignition. It was intended 
to introduce the fuel into the compressed air, in the engine cylinder, 
at a rather slow rate, so the fuel would burn at constant temperature, 
the increase in temperature caused by the burning fuel, to be exactly 
absorbed by the cooling effect of expansion caused by piston travel 
of the engine. 

Owing to the high pressures necessary for the above noted opera- 
tions, Diesel found it impossible to carry out his intentions and was 
forced to make use of compression temperatures high enough to 
cause ignition of fuel upon its injection into the compressed air 
contained ‘in the cylinder clearance space. This brings compression 
up to about 500 lb., resulting in a temperature of about 1,000 deg. 
Fahr. in actual practice and gives constant pressure combustion, 
but does not give constant temperature combustion. In fact, the 
temperature in Diesel engines may rise until it is little if any lower 
than in the constant volume engine. 

The Diesel engine can work with much higher compression than a 
gas engine and still not be subjected to higher temperatures, there- 
fore, greater power per cylinder, may be obtained from the Diesel 
than from ordinary types of internal combustion engines. 

The semi-Diesel engine has a hot bulb in the clearance space and 
depends thereupon for ignition, instead of upon heat of compression 
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as in the straight Diesel type. In semi-Diesels, the compression 
pressure is from 250 to 300 lb., compared with 550 and 1,000 lb. per 
square inch respectively for the Diesel cycle. Air in the hot bulb is 
always hot enough to burn the injected fuel. 

Combustion at first, is at nearly constant volume, resulting in a 
combustion pressure at full load of about 500 lb. per square inch 
and then continues at constant pressure—approximately. The lower 
compression pressures of the semi-Diesel engines, makes them less 
expensive. Their efficiency is only slightly lower than that of the 
Diesel engines, and brake tests have given thermal efficiencies of 
over 30 per cent. The semi-Diesel type is well represented by the 
De La Vergne (FH type) engine. 
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Fie. 1.—Cycle of events in a Diesel oil engine cylinder. 


The typical European Diesel engine is a vertical, multi-cylinder, 
four-cycle engine of ‘“‘A”’ frame construction, all bearings being 
accessible, even while the engine is in operation. The valves, all of 
which are vertical, are placed in the cylinder head. The camshaft is 
placed on a level with the cylinder head so that all parts are accessible 
for inspection and adjustment, even while the engine is in operation. 

The Fulton Diesel oil engine is of the four-stroke-cycle type and 
meets not only the exacting requirements of European practice, but 
incorporates improvements and refinements which makes it particu- 
larly adaptable to American conditions. There is an absence of 
explosion-shock in Diesel engines as the combustion in each cylinder 
is at constant pressure, perhaps for one-tenth of the stroke or less, 
thereby eliminating the terrific strains set up in ordinary gas engines. 

This engine may be started up from ‘‘cold”’ in one minute without 
any troublesome or time-consuming preliminaries. The entire 
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operation of starting this engine is centralized in either of two hand- 
wheels, accessible from the floor and platform respectively, each 
wheel having absolute control over the engine and its entire 
mechanism. 

The Diesel cycle of operations is as follows, the sequence of 
events being as shown by Fig. 1 which represents a typical working 
indicator card from one of these engines. 

Stroke 1—Admission.—During this stroke the piston travels 
outward and the cylinder is filled with pure air only—at ordinary 
atmospheric temperature and pressure, no fuel being introduced into 
the cylinder during this stroke. 

Stroke 2—Compression.—During this stroke the piston travels 
inward and the air taken into the cylinder during the preceding stroke 
is compressed to approximately 480 lb. per square inch, resulting in 
its temperature being raised to about 1,000 deg. Fahr., or sufficient to 
positively ignite any liquid fuel injected into it. No fuel is intro- 
duced into the cylinder until the completion of this stroke. 

Stroke 3—Power or Expansion.—When the piston has reached the 
inner end of the compression stroke (or slightly in advance) the fuel 
valve opens and a measured quantity of fuel is gradually injected 
into the cylinder through the atomizer which breaks it up into a finely 
divided spray. At full load the admission of fuel is distributed over 
about 10 per cent of the power or working stroke, the rate of admission 
being such that there is no appreciable rise of pressure within the 
cylinder beyond that of compression pressure. 

The quantity of oil delivered to the atomizer is under control of 
the governor acting upon the fuel pump. The fuel oil is atomized 
into the cylinder by means of injection air which ranges from 700 to 
950 lb. per square inch, and is furnished by a three-stage air com- 
pressor built integral with the enging. 

When the measured charge of fuel has been injected into the 
cylinder and following combustion, the gases expand and drive the 
piston outward. When the piston reaches inner end of the stroke 
(or slightly in advance) the exhaust valve opens and the remaining 
pressure is released to the atmosphere. It will be noted that no 
explosion takes place in a Diesel engine cylinder, but there is a perfect 
combustion or burning of the fuel. It is the expansion of the burning 
gases that develops the energy, very much the same as the expansion 
of steam in an engine cylinder. 
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Stroke 4—Exhaust.—During this stroke the exhaust valve remains 
open, the piston travels inward and the products of combustion are 
expelled from the cylinder, completing the cycle. 

Fuel consumption per brake horsepower hour, for any given size of 
engine and load condition, varies directly in inverse proportion to the 
heat value per pound of fuel used; to illustrate, if the fuel consumption 
per brake horsepower hour were 0.45 lb. when using fuel of 18,500 
B.t.u. per pound, which is a fair average, then the fuel consumption: 
for the same engine and same load condition would be 0.438 lb. per 
brake horsepower hour, if fuel oil with a heating value of 19,000 B.t.u. 
were employed. If in all the above cases the oil weighed 7.5 lb. 
per gallon, which is also a fair average, then the fuel consumption 
per 100 b.h.p. hr. would be 6 gal. on 18,500 B.t.u. oil or 5.84 gal. 
on 19,000 B.t.u. oil. 

The Diesel engine fuel pump is of the variable stroke type, and is 
so designed that there is practically no reaction or drag on the gover- 
nor. An adjustment is provided for balancing the load between 
cylinders while the engine is in operation. The engine is also provided 
with emergency speed limit stop, which acts directly on the fuel pump 
and when brought into action effectually stops the delivery of 
all fuel to the engine. The pump lends itself particularly to the 
interlocking starting and control mechanism. 

The Diesel admission and exhaust valves are located vertically 
in the cylinder head, each in a removable cage. In their construc- 
tion, the cages are exactly alike with the exception that in the exhaust 
valve cage, provision is made for the circulation of cooling water 
through the jacket surrounding the valve stem guide. As an added 
advantage in the larger engines each exhaust valve head and its stem 
is water cooled. é 

The Diesel engine lubricating system consists of sight-feed gravity 
to the main journals, with centYifugal rings feeding the crank-pins; 
the piston-pins being lubricated by a force-feed system under sight 
control and leading direct to the piston pin. This lubricating device 
is exceedingly simple and effective and while there are no telescopic 
tubes or packed joints in its construction, on tests we have been able 
to maintain pressure of upward 100 lb. on the delivery side. The 
cylinders are lubricated by multiple-force feed oilers driven from the 
camshaft, there being from two to four individual feeds to each 


cylinder. 
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The starting mechanism of the Fulton Diesel oil engine consists 
of a simple device, easy to operate, positive in action and inter- 
locking with the fuel pump mechanism. The starting valves 
proper are actuated by compressed air, eliminating rocker arms 
and manually operated levers, thereby permitting centralization 
of the entire control of the engine in one hand wheel, conven- 
lently located. 

To start the engine, the hand wheel is turned to the first starting 
position, whereupon high pressure air is automatically permitted to 
pass to the starting valves, opening them in proper sequence. ‘Two 
engine cylinders are equipped with starting valves. The engine 
immediately starts on compressed air, and after a few revolutions 
the hand wheel is moved to the second starting position, which puts 
in action the fuel pump plungers of the remaining cylinders, leaving 
the air on the starting cylinders. 

After the engine has taken its first impulse from the fuel, the hand 
wheel is turned to the running position, which automatically cuts off 
the starting air and puts the remaining two fuel pump plungers in 
action. The engine then begins to fire on all its cylinders uniformly, 
the starting air being automatically cut off. No oil is delivered to the 
cylinders until the hand wheel is turned to the second starting posi- 
tion, and then only to the cylinders which are not running on 
compressed air. Positively no fuel can be accumulated in the fuel 
injection valve of those cylinders operating on starting air because 
the respective fuel pump plungers cannot operate before the starting 
air is shut off. 

The entire operation is extremely simple and the engine starts off 
smoothly without excessive strains, noise or vibration, very much the 
same as a steam engine. The stop position disengages all fuel pump 
plungers, and also locks the mechanism until the air lines have been 
bled of all pressure, thus eliminating hazards through neglect on the 
part of operators. In starting this engine, the operating engineer 
does not have to handle numerous levers and control mechanisms, 
and this feature, combined with a highly developed system of priming 
and fuel control, makes this engine one of the most easily handled 
prime movers on the market. : 

Allis-Chalmers Diesel oil engine claims to have its compression 
temperature increased so high during combustion as to completely 
burn the fuel, free carbon and all, giving the clear exhaust and high 
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economy which distinguish this class of engines which further claims 
the same favorable conditions for combustion at all loads. 

' Figure 2 shows by diagram the several elements assembled in this 
engine. It is of the four-stroke-cycle type and the two-stage air 
compressor, the fuel pump and their connections may be traced in 
the engraving. 

During the suction stroke pure air is drawn into the cylinder 
through the main inlet valve and a proper charge of fuel oil (deter- - 
mined by the position of the governor) is pumped without pressure 
into the injection nozzle passage. 


Fuel Or] 
Check Valves. 


Tnyjection~. 
Teozle 


Passage. 


Air oe 
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Valve 


"fuel Oi 
Valve Gear Eco, 


Air Iyechion 
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Fic, 2.—Diagram arrangement of Allis-Chalmers Diesel oil engine. 


On the compression stroke, the air in the cylinder is compressed to 
about 500 lb. per square inch which gives it a temperature in excess 
of 1,000 deg. Fahr. 

At the beginning of the power stroke air from the compressor at 
700 to 900 lb. per square inch is admitted through the injection 
nozzle for a period of about 10 per cent of the stroke. The oil 
previously deposited in the injection nozzle during the suction stroke 
is picked up by the injection air and gradually sprayed into the com- 
bustion chamber where combustion occurs at constant pressure 
during the period of injection. 

During the exhaust stroke, the products of combustion are expelled 
from the cylinder, thus completing the cycle. 
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Open fuel injection nozzle used with this form of Diesel engine is 
claimed to be an important advance toward continuity of service 
and adaptability for various oils, that has been made in the Diesel 
type of engine. It consists of an oil receptacle with separate inlets 
for the oil and air at one end, and connected to the combustion 
chamber at the other end by a stationary atomizing device. The oil 
is pumped into the receptacle through check valves during the suction 
stroke of the engine and the injection air is admitted through a 
separate mechanically operated timing valve. 

There is no valve after the oil and air are mixed, thus avoiding cut 
valve seats. There are no perforated or notched discs with restricted 
areas and sharp changes in direction to clog with dirt, asphalt or 
carbonized oil. It does not depend upon the water jacket to prevent 
carbonizing. Freedom from clogging is claimed with the lowest 
grades of fuel oil. 

Semi-Diesel oil engines, it was stated in a preceding paragraph, 
are well represented by De La Vergne engines of this type. In 
1893, they developed their Type “HA” (Hornsby-Akroyd) oil 
engine, made up to 125 hp. and used in vast numbers on kerosene 
oil and light distillate. This engine had a high fuel consumption 
but possessed .great dependability and many of these engines 
are in use today. 

“FH” De La Vergne oil engines were brought out in response to 
requests for larger and more economical engines than the ‘‘HA” 
type and were made in sizes from 100 to 600 hp., using crude 
or any other oil fuel with a compressed air injection system and a 
compression of about 280 lb. per square inch. These engines proved 
economical of fuel and were used by hundreds in operating oil pipe 
lines. 

“DH” heavy oil De La Vergne engines were next brought out to 
supply a demand for smaller engines than the ““FH,” and to operate 
with great economy on heavier and cheaper oils and coal tar. This 
type was made in sizes from 40 to 200 hp., has a medium 
compression of 300 lb. per square inch and the compressed air fuel 
injection system is not used. Instead, pure air is drawn into the 
cylinder during the admission stroke in a manner similar to ordinary 
gasoline engines, save that no fuel is contained in the charge of air. 

The compression stroke forces the air pressure up to about 300 
lb. in the cylinder, then the fuel is pump-driven into the compressed 
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charge of pure air and the charge is ignited by contact with the 
walls of the un-cooled vaporizer which will vaporize fuels of almost 
any kind, including coal tar, provided it can be made fluid enough by 
heating, so that it can be pumped. 

“SI” De La Vergne oil engines are a development from the type 
above described and were designed to meet a demand for simple oil 
engines of the ‘‘HD” type but of larger horsepower. Ithasa medium 
compression of about 330 lb. per square inch and a maximum pres- 
sure of about 500lb. A cross-section of this engine is shown by Fig. 3 
and it may be noted that it is single acting and that all the valve 
mechanism, and the vaporizer is contained in the cylinder head. 


Fie. 3.—De La Vergne “SI”’ oil engine. 


Compressed air is not used with this engine, pump-fuel injection 
being used and the engine is claimed to show a brake efficiency— 
mechanically—of 65 to 90 per cent. 

“SI? Cycle of Operations.—This engine being a four-stroke-cycle 
machine, upon starting its suction stroke, the intake valve is opened 
mechanically and the piston moving forward, draws in a charge of 
pure air. At beginning of compression stroke, the valve is closed and 
returning piston compresses the air-charge to about 330 lb. per square 
inch. This compression causes ignition in the special vaporizer, the 
walls of which, together with the combustion space, are uncooled and 
_ the space is filled with well vaporized and atomized gas fuel. 

Fuel is injected slightly in advance of piston reaching end of stroke, 
then combustion occurs and the working stroke begins, pressure 
rising to about 500 Ib. as piston starts on its working stroke. The 
exhaust stroke has nothing out of the ordinary, the piston returns, 
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expelling the burnt gases as the exhaust valve opens and the piston 
makes its return stroke. 

Operating Diesel engines is so different from handling steam or 
ordinary gas engines that is seems appropriate to reproduce in full 
the excellent instructions for this purpose issued by The McIntosch 
& Seymour Corporation (copyright 1919), Auburn, N. Y., which 
is issued with their Diesel engines. 

General Diesel Instructions.—Smooth running, maximum service 
and minimum wear and tear of an engine may be secured only by 
proper attention and careful maintenance. 

Whenever any work has been done upon the engine such as a valve 
replacement, the engine should be turned over by hand a few times to 
make sure that everything clears properly, and the cam roller clear- 
ances should be checked. 

When parts are removed for inspection, bey, should be marked 
plainly to facilitate replacement. 

As soon as a spare part is put into use, a new one should be ordered 
to replace it. 

The engine room should be light, roomy and dry. Moisture rusts 
iron and steel parts of the engine. Corrosive gases, such as sulphur- 
ous acid from leaky refrigerators are injurious. Dust is injurious 
because it causes wear of bearings and cylinders. For this reason, 
floor of the engine room should be dust proof. 

A work bench with a vise should be provided for doing such work 
as is necessary to keep the equipment in good running order. 

Temperature of engine room must not be allowed to fall below 40 
deg. Fahr., and when the engine is to be started, its temperature should 
be not less than sufficient to enable oil to run freely through the pipes. 

Lubricating oil gradually destroys engine foundations; therefore 
do not allow oil to run off base of engine. 

Diesel Engine Lubrication.—Good, clean lubricating oil is essential 
to smooth running. The engine need not be drowned in oil, but 
make sure the supply is sufficient for efficient operation. 

Oil for the pistons must have good lubricating body, must be of 
mineral origin and free from acids, resinal, fatty and pitchy matter. 
That used for the air compressor must have a flash point of about 500 
deg. Fahr., besides meeting requirements of bearing oil. For lubri- 
cating main pistons, piston pins and the air compressor, fresh oil 
must be used. 
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Filter lubricating oil after it has been used, so it can be used over 
and over again. This insures better lubrication and increases over- 
all economy of operation. 

Clean out at regular intervals, all lubricating apparatus as well as 
vessels and pipes in which oil is carried or kept. 

Too much lubrication of main pistons causes piston rings to stick 
in the grooves. It is therefore necessary to find by trial the smallest 
quantity of oil that may be used. 

The bearings which require particular attention are those of the 
piston-pins, crank-pins, and the main bearings. It is advisable to 
note the temperature of these bearings after stopping the engine. 
The main bearings should be watched while the engine is running, to 
note if they heat up at all. 

Lubrication of the air compressor is very important. An excess of 
oil causes explosions and clogs the valves. 

Keep the camshaft gear casing well supplied with grease or oil, also 
keep the grease cups on the cam roller pins filled. 

When a bearing has been tightened or adjusted, see that it runs 
without warming up. 

See that the lubricators are filled regularly. 

Starting Diesel Engines.—Before starting, set all lubricating appa- 
ratus in action and make sure that lubrication really begins. 

Turn on the cooling water and see that it is flowing through each 
jacket. 

If an attached cooling-water pump is used, fill the suction pipe so 
the pump will begin work at once. 

See that no tools or other articles are left lying around the engine. 

It is advisable to turn the engine over a few times before starting, 
especially if it has not been run for a few days. 

Turn the engine to the starting position. 

Unhook the exhaust levers. 

Close the drip valve in the injection air pipe. 

Place the starting handle in the operating position. 

See there is sufficient pressure in at least one of the starting receivers. 

A higher pressure than about 750 lb. per square inch should not be 
used for starting. 

Open the valve admitting kerosene to the fuel pump, if kerosene 
is used for starting, and see that the control wheel of the fuel pump 


is at “‘work.” 
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Open wide the intake valve to the low pressure stage of the air 
compressor. 

Remove the test screws from the exhaust connection for each 
cylinder. 

To start the engine, open the valve on starting air receiver and 
immediately afterwards open the valve on the injection air receiver. 

As soon as combustion begins, move the starting handle to its 
inoperative position. 

Close the valve on the starting air receiver. 

When the engine gets up speed turn on the fuel oil and shut off the 
kerosene supply. If a very viscous oil is used, wait until the over- 
flow from the water jackets is sufficiently hot to warm the oil in the 
heater. 

As a spare starting air receiver is provided, starting as described 
above should always be possible. 

But if the starting and injection pressure is low, prevent a false 
start by taking the following precautions: 

Prime fuel delivery pipes and see specific instructions regarding fuel 
pump. 

Put a bar under the valve levers and try all the valves to see that 
none of them stick. 

Fill the water jackets with warm water. 

Remove all possible load from the engine. 

If injection air pressure is also insufficient (below 525 lb. per square 
inch) valve of injection air receiver should not be opened. The air 
pump will furnish required injection air pressure after a few revolu- 
tions. When the engine comes up to speed, open valve in injection 
air receiver gradually to raise pressure up to normal. 

If the engine drives a generator, this can be used as a motor for 
starting, in the following manner: 

Hook down the exhaust valve levers. 

Do not open injection air receiver. 

Place controlling wheel of fuel pump at “stop.” 

When the engine comes up to speed, release exhaust-valve levers 
and set fuel control wheel to “work,” with kerosene oil used for fuel. 

Never use oxygen for starting. 

Operating Diesel Engines.—After the engine comes up to speed, 
gradually refill starting receiver by partially opening valves in inter- 
communicating pipes. 
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Injection air pressure must be regulated to suit engine load and 
kind of fuel oil. Light loads and light fuel oils require low injection 
pressures. Heavy loads and heavy fuel oils require high injection 
pressure. 

Blow condensed water out of all receivers every day. 

Temperature of cooling water leaving the jackets should not be 
much over 140 deg. Fahr. Cooling water must be free from acids 
and of such nature that it will not deposit salts, lime or mud in the | 
jackets. In case cooling water supply is cut off and engines become 
hot, shut down at once and cool off gradually. 

Stopping a Diesel Oil Engine.—If the fuel oil is very viscous or has 
a large sulphur content, operate the engine on kerosene for a few 
minutes before shutting down. Then: 

Set control valve of feed pump to “stop.” 

Close valve on injection air receiver. 

Hook down exhaust-valve levers before engine comes to a stand- 
still. 

Shut off all lubricating apparatus. 

Blow condensate from cooling pipes on air compressor. 

Close valve to fuel supply tank and connect sight glass in fuel 
pump suction manifold to the atmosphere to prevent fuel from 
leaking into the cylinders. 

Set control wheel of fuel pump to “ work.” 

Let cooling water run for about 10 min. after engine stops. 

If there is any danger of frost draw all water from the engine 
piping and water pump. 

If the engine is to remain inoperative for some time, the water 
must be drawn off to prevent rust, even though there is no danger of 
freezing. 

Care of Diesel Engine Bearings.—Do not allow any dirt to get 
into the bearings either with the lubricating oil or in any other way. 

Keep all bearings tight. If a bearing knocks, readjust it immedi- 
ately by reducing the shims. There should be a minimum amount of 
play in the crank-pin box and piston-pin box to prevent knocking or 
pounding. 

In lining up rebabbitted bearings see that the shaft rests evenly on 
all bearings, and in the case of the crank-pin and the piston-pin boxes, 
the bearings must be bored out concentric with the turned ring on 
each face, and square with the machined side of the box that goes 
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against the connecting rod. The connecting-rod boxes must be so 
fitted that the piston is exactly at right angles to the shaft. To 
determine this fill the clearance on both sides of the connecting- 
rod box, parallel to the shaft, with thin sheet brass. Move the 
piston, with the connecting rod fitted in, towards the crank-pin 
box and note the fit of the brass liners after everything has been 
connected up. 

Care of Diesel Engine Fuel Valve.—Keep the valve in perfect con- 
dition that the engine may operate smoothly and economically. 

The stuffing box and the upper guide must be in alignment so there 
is no lateral strain on the needle. If the needle does not seat properly 
it should be removed and carefully reground with fine emery or 
powdered glass. 

After replacing the needle, its lift is adjusted as follows: 

Admit compressed air into the injection pipe. 

Then close air valve. 

Turn the engine slowly and it will be possible to hear when the 
needle opens. The lift of the needle is regulated by adjusting the 
lift nut and the check nut. 

Clean all parts of the fuel valve with kerosene at regular intervals. 

Care of Diesel Engine Fuel Pump.—Suction and delivery valves 
should be ground with fine emery or powdered glass, but only when 
absolutely necessary. Dirt in the fuel oil wears out valves; therefore 
the filter should be kept clean. 

The handwheel of the pump controls two, three, or four cylinders. 

‘‘Fill” is the position for priming the fuel delivery lines. 

“Stop” cuts off the entire fuel supply. 

‘“Work”’ is the operating position. 

“Cyl. I,” “Cyl. II,” ete., is the position for discontinuing the 
supply to any particular cylinder. 

When priming the fuel delivery lines, first disconnect the fuel 
valve connection on the cylinder head. - 

Then turn the hand wheel to the “‘fill’’ position for a few seconds 
and observe when oil runs out at end of pipe on the cylinder. Do 
not allow any oil to leak into air or exhaust valves as it will get into 
the cylinder and cause back firing. When oil reaches fuel valve on 
cylinder, turn hand wheel to “work.” Connect up fuel pipe at 
cylinder head and if engine is not to be started at once, shut off the 
fuel oil and leave sight glass of suction line vented to atmosphere, 
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Air and Exhaust Valves of Diesel Engines.—Grind the exhaust 
valves at regular intervals. If seat or valve becomes distorted, 
replace it with a spare and adjust cam roller properly as per instruc- 
tions therefor. Too much play between cam and roller causes 
jerky operation and opens the valves too late. Too little play 
prevents valve from closing and reduces compression pressure in 
the cylinder. Insert the copper-asbestos gasket when replacing 
valve cage. If exhaust valve sticks, put a few drops of kerosene oil 
on the stem. 

Care of Diesel Engine Air Compressor.—Due to high pressure 
involved, valves on air compressor must be absolutely tight, move 
easily in their guides and have proper lift. They are to be ground 
with fine emery or powdered glass. 

Clearance of air compressor piston must ‘be checked after reas- 
sembling. 

If safety valve on second intercooler hisses, it is a sign of leakage 
through one or both high pressure valves. 

Diesel Engine Working Piston.—lIf the working day is from 10 to 
12 hr., the piston should be cleaned about every 6 months. If 
load is heavy and changeable, the piston should be cleaned at shorter 
intervals. When removing and replacing a piston, do not in any 
way damage its cylindrical surface. 

Pistons should be cleaned with copper or brass plates but not with 
emery cloth. 

Before cleaning a piston, soak it in kerosene oil for some time. 

When replacing a piston, coat it with cylinder oil and see that 
the groove in piston for piston-pin oiler comes opposite the lubricating 
hole. The rubber ring, which makes the packing of water joints 
under cylinder head, should be of exactly same diameter rubber as 
the one originally supplied. If too thick a ring is used, the head will 
rest on the rubber, but will not make a tight joint around the com- 
bustion chamber. 

Care of Diesel Air Receiver.—Valves, gaskets and packing of the 
air receiver should be kept in perfect condition. 

Water must be blown out of the receivers every day. 

The valve stems are fitted with soap-stone packing. 

Diesel Engine Piping.—F uel oil supply pipes and delivery pipes 
are made of brass and steel tubing. Fiber or leather is used for 
gaskets. 
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Norts.—In case these pipes become clogged with dirt they can be 
best cleaned by disconnecting and heating to a dull red. 

All joints in the compressed air piping must be securely brazed. 
Leakage in the air piping makes it impossible for the air pump to 
maintain sufficient injection pressure with a resulting loss of economy. 

The expansion joints of the exhaust manifold are packed with 
asbestos and should be kept tight to prevent escape of gases to the 
engine room. 

When Diesel Engines Fail to Work Properly.—If instructions 
for the care and management of the engine are properly attended 
to and carried out, there is no reason why good and regular service 
should not be obtained, but if everything is not in perfect order, it 
may happen that the engine will not work well. In such cases of 
irregular operation it is important that the engineer should discover 
and rectify the fault himself, and it is for assistance under such 
circumstances that the following hints and instructions have been 
prepared. 

When a Diesel Engine Fails to Start.—If the flywheel, having 
turned ahead during a suction stroke, stops during the compression 
stroke of the starting cylinder and turns back again, the starting valve 
either leaks or sticks. 

When Diesel Ignition Fails at Starting.—The trouble may be due 
to any of three reasons: 

1. Insufficient fuel oil. 

2. Too low compression pressure. 

3. Fuel oil entering the cylinder too late. 

1. There are various reasons to account for insufficient fuel oil. 

a. The fuel supply tank is empty or a valve in the supply pipe 
is closed. 

b. The control wheel of the fuel pump is not set in the operative 
position. 

c. The fuel pump contains air. As the injection pressure is about 
900 lb. per square inch the fuel pump. cannot deliver oil if it contains 
air. 

d. The suction or delivery valve of the fuel pump leaks. 

If both valves leak, the oil will be forced from the pump into the 
sight glass. 

2. The compression pressure is too low from any of the following 
causes: 
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a. The slits in the air inlet pipe are clogged. 

b. Valves in the cylinder head leak. 

c. The piston rings stick causing leakage past the piston, probably 
due to excess lubricating oil. 

d. The valve cages leak. 

e. The gasket between the cylinder head and the cylinder is not 
tight. ; 
3. The fuel oil enters the cylinder too late, 7.e., not until the piston 
has passed the upper dead center, both the pressure and temperature 
thus falling to such an extent as to prevent the fuel from igniting. 
This is due to the fuel valve needle opening too late. 

Knock or Pound in a Diesel Engine.—Heavy knocking and pound- 
ing are caused by slackness in the crank-pin box or in the piston-pin box 
or by explosions in the cylinder due to a fault in the ordinary process 
of combustion. 

Bearing knocks are located as follows: 

Stop the engine, turn it to the upper dead center and place a 
lever under the crank-pin box. With a finger partly on the box 
and partly on the shaft any slight play in the bearing may be noted. 

Looseness in the piston-pin box is detected by holding the connecting 
rod firmly, raising the piston and observing the vertical movement 
between the piston and cylinder. This is more easily observed when 
the piston is at the lower dead center. 

Explosion shocks are due, as already mentioned, to fault in the 
process of combustion; it may be traced to one of the following causes: 

a. The fuel valve opens too soon, indicated by a sharp noise in the 
cylinder. 

The fuel valve opens too late, indicated by a dull thud in the 
cylinder. 

b. The injection air pressure is too high. 

c. The needle does not seat properly, allowing fuel oil to get into 
the cylinder during the suction and compression strokes. 

d. Fuel oil enters the cylinder in large quantities, because the cone 
of the pulverizer is not tight. 

Diesel engines smoke when running from the following causes: 

Too heavy load. 

Too low injection pressure. 

Fuel-valve needle opens too late. 

Leaky valves, which reduce the compression pressure. 


1028 TULLEY’S HANDBOOK 


Fuel-valve burner plate is clogged. 

The piston rings stick. 

When a Diesel engine loses speed the following should be looked to: 

The engine is overloaded. 

Poor combustion. 

A bearing runs hot. 

The governor does not act properly, for example: The regulating 
collar may fit too tight on the shaft. 

Diesel engines run irregularly and erratically when air has forced 
its way into the fuel pump so fuel is not delivered regularly. 

The governor may be too stiff; so it does not regulate quickly 
enough for a variable load. 

To Test Diesel Engine Cylinders for Equal Work.—Remove 
exhaust gas test screws and determine by strong or weak sound of the 
exhaust whether each cylinder is doing its share of the work or not. 

Diesel Engine Pointers——When aligning bottom shells of oil 
engine main bearings, the thickness: of each shell should be measured 
at the ends and center. If one bearing has worn thinner than the 
others, it should be shimmed up or the others scraped down. 

Most oil engines run best with 0.004 to 0.006 in clearance between 
the shaft and the top bearing. To secure this, lead wires can be 
used to check the clearance. 

If the crankshaft has an endwise movement, the ends of the bearing 
should have babbitt rings on them; steel washers placed between the 
crank throws and bearings are equally good. If not corrected, the 
sidewise movement will bell the crank-pin bearings. 

If a main journal or crankpin gets roughened, the scores can be 
removed by careful filing and lapping with emery compound. 

If a babbitt lining shows evidence of being cracked, it should be 
removed and rebabbitted at once. 

After rebabbitting a bearing, it should be bored true before 
scraping, in order to preserve the alignment of the shaft and bearing. 

Behavior of a Semi-Diesel Oil Engine.—Seizing and sticking of 
the piston may occur from a faulty cooling system, or poor bearing 
of piston on cylinder walls. The cooling system should be sufficient 
to cool the cylinders “stone cold” at the maximum lead the engine 
will pull. The volume of water passing through the jackets must 
increase as the load increases, or in other words, the temperature 
must be lowered until the piston stops pounding from heat. 


INTERNAL COMBUSTION ENGINES 1029 


The piston should show a full bearing at full load and no high spots 
or other distortions. This may be remedied thus: The engine 
should be run at its maximum load and the piston carefully watched 
for pounding or groan, removed at first sign of pounding and all high 
spots filed down. ‘This should be repeated until the engine pulls its 
maximum load without any sticking or seizing. 

The cracking of exhaust and inlet port bridges is caused by unequal 
expansion when solid bridges are used between exhaust ports, and’ 
clogged circulation passages when water cooled bridges are used. 
Solid inlet-port bridges do not break because they are not exposed to 
heat, but the exhaust-port bridges should be water-cooled to prevent 
cracking, and circulating water should pass these ports first before 
cooling elsewhere. 

The fuel system requires careful attention, particularly the strain- 
ing of the fuel to remove all grit and foreign matter. If this is 
neglected, all manner of annoyances will occur, for it breaks and 
misdirects the spray from the fuel nozzles which should be checked 
for spray at intervals. This is very important, especially where the 
spray is directed against some special igniting surface. 

Cleaning Gas-engine Water Jackets.—For removing scale from 
a gas-engine water jacket if the scale is of lime formation use a gas 
blow-torch. A piece of 345-in. copper tubing is fitted with 34-in. 
tee. To the two open ends of the tee, run lines from the air-starting 
tank and from the gas-supply line, both lines being equipped with 
regulating valves. When the gas is turned on and ignited and the 
gas and air valves properly adjusted, the flame issuing from the tip 
of the copper tube will be at white heat. When the flame is directed 
against the scale, the latter becomes very hot and, in expanding, 
drops off. Since it requires only a few seconds for the scale to become 
heated, the cylinder walls will not be injured. 

Cracks in Oil-engine Crankshafts.—Sometimes a crack will 
develop and to test for the depth of the crack, rub Prussian blue 
mixed with kerosene into the crack and then use gasoline torches to 
heat the shaft. This will give a fair indication of the depth of the 
crack from the amount of coloring matter that will ooze out. Then 
let the shaft cool while plenty of Prussian blue and oil is again applied; 
as the contraction will absorb some coloring and upon heating the 
shaft again it will ooze out, thus giving a fair idea of the depth of 
the crack, thus checking the first test. 
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Handy Packing Cutter.—An old plug-tobacco cutter (or a new one 
for that matter) makes a good tool to have in the engine room, for 
cutting all kinds of packing for stuffing-boxes and pump plungers. 

Gas-engine Packing.—The stuffing-box should be at least 614 
in. deep and at least 3 in. larger in diameter than the rod—thus, 
3 in. rod, 6 in. diameter of box. This gives enough room to make 
a good, strong packing case. If possible, arrange for admitting oil 
to the packing through a hole in the stuffing-box. If this is not 
convenient, arrange for admitting oil to the packing through the 
flange of case. If you do not find it convenient to follow these dimen- 
sions, order packing to meet your conditions. For a full description 
of metallic rod packing, see Sec. XXIV. 

Suggestions for the Semi-Diesel Engineer.—On starting the 
engine, do not inject too much fuel oil. Two strokes of the hand 
lever should be sufficient. If an excessive amount of oil is used there 
is great danger of blowing the cylinder joint. 

In old engines where the usual copper gasket fails to keep the 
head joint tight, try using asbestos wicking braided intoarope. This 
should be soaked in salt water and then covered with graphite and 
oil before using. 

In installations where the starting torch is fitted with a heating 
coil, small particles will choke the coil; a spare torch should be always 
on hand. The coil can be cleaned by soaking in lye water and 
then blowing out with air. 

In starting a semi-Diesel engine, the torch should be forced to 
cause the ignition plug to be heated in the shortest possible time. 
Slow heating causes the entire cylinder to become hot. Since no 
cooling water is flowing, the cylinder-head gasket is often ruined by 
this. 

The proper temperature of the ignition device, whether it be a bulb, 
plate or pin, depends on the compression pressure carried. In 
engines having a pressure of 70 to 90 lb. the bulb must be cherry red. 
Higher pressures require lower temperatures; in engines of 160 to 200 
lb. compression, the bulb of plate need never be other than black in 
color. if the crankcase is not kept drained of lubricating oil, the 
engine may run away when the load is thrown off. The oil will be 
carried into the cylinder by the scavenging air. 

When a heavy fuel oil is used considerable residue will drip down 
into the crankcase of vertical engines. If this tarry substance is not 
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removed, it will work into the crank-pin oiling device. Many crank 
brasses are ruined because of this carelessness. 

On two-cycle engines the piston-pin brasses wear as rapidly as do 
the crank-pin bearings. The former should be adjusted as frequently 
as the latter. 

The piston-pin set screws often work loose. If the pin is allowed to 
shift sideways, the cylinder walls will be scored. 

Poor lubrication of Diesel pistons, accompanied by excessive wear. 
on piston-rings and liners, developed in an engine. Examination 
showed that the crank-case oil was fairly good, but the pistons were 
oiled by an old-style force-feed lubricator. It was advised that a 
new-style lubricator be purchased and installed, as this is timed to 
inject the oil in synchronism with the piston movement. That is, 
the oil is injected at the dead-center position of the piston at the 
beginning of the power stroke, so that it acts to seal the piston rings 
and lubricate the liner at a time when the piston is doing the most 
work and lubrication is most needed. 

Naturally, oil delivered by the old-style lubricator to the four 
openings in the cylinder liners sometimes is injected at the proper 
time; but as other pistons may have passed the openings, any oil 
injected at such time does no work and is of no benefit. Instead, it 
helps to form carbon in the cylinder. 

To obtain greater benefit, the piston should be in position to receive 
the lubricant on its outer circumference, directly between the third 
and fourth rings, while it is practically at a stand-still. This is the 
dead-center position, and so the timed lubricator gives the most 
efficient service on Diesel engines. 

A set of gears attached to the layshaft is used for timing. From 15 
to 20 drops of oil per piston per minute is average practice on engines 
up to 225 hp. at 164 r.p.m. Above this speed, proportionately 
more oil should be used, 30 drops per minute for larger engines being 
about the maximum. 

By means of a bent wire it was found that the suction check on the 
main fuel tank was badly adjusted, and this adjustment was remedied 
to prevent silt, sand and such rubbish from being picked up and 
carried to the auxiliary fuel tank. Considerable grit had been sucked 
up and no doubt had caused the fuel nozzles to cut badly. They 
had to be reground practically every two weeks, whereas once a month 
should be sufficient. 
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All piston-rings on the engine were removed, all valves, fuel nozzles 
and seats ground in, and new fuel-cam noses put on to replace those 
that were worn. The gears were checked for correct timing, and the 
cylinder walls were smoothed by scraping and polishing with emery 
cloth. The oil in the crank-case was renewed, the bearings keyed up 
all around, the piston-pins polished, all jackets and heads washed out 
with a hose and all water passages examined for scale. 

After reassembling, the engine was started, and the indicator was 
applied to determine the compression in each cylinder. This was 
found to be excellent, and no further trouble from excessive wear 
occurred, while the fuel consumption was notably decreased. Part 
of the success in providing good lubrication on this engine was due to 
the change of oil. 

Diesel Engine Cylinder-head Gaskets.—In one instance the heads 
on two 170-hp. Diesel engines cracked and had been welded. The 
welded portion, on cooling, became somewhat warped, and gave a great 
deal of trouble by leaking. It was impossible to tighten down on the 
regular copper gasket, sufficiently to prevent this leak, which was 
overcome by using No. 6 copper wire. The bare wire was cut with 
taper ends and was placed so that the ring was pressed along the 
outside edge of the gasket groove. 

After the copper ring was placed, a small asbestos rope was laid 
alongside of the copper gasket and the two were lightly coated with 
red lead. After the head was set on the cylinder, the nuts were 
tightened down in the usual way. The copper wire can be drawn 
down a great deal and easily conforms to any unevenness of the joint. 

The asbestos rope and lead, being on the inside of the joint will 
collect small carbon particles and thus stop any small gas leak. This 
method will not fail to make a tight joint. When a new gasket has 
been placed, it should be tightened again after the engine has been in 
operation a short time. This should be done while the engine is hot. 

Governor springs are not drilled for the weights, as this would 
weaken them; instead, each weight is built up of an inner piece, slit 
almost through with a hacksaw to take the spring, and an outer 
sleeve forced over the inner part and spring, thus holding both tightly 
together. The weights may be brass or steel. A stop collar on the 
shaft is necessary to limit the amount of governor opening, otherwise 
the springs might buckle; in any event, there should be no great 
strain on the springs when the weights are all the way out. 
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The easiest way to arrange the control lever is to attach a small 
brass roller to it, running on a steel stud; the roller fits into the 
grooved flange and it and the lever are pushed back and forth as the 
governor weights move in or out. For governor of this type, a 
simple butterfly valve and lever, in the intake pipe, is probably best, 
though in many cases connection can be made directly to the throttle 
on the carburetor. 

In some engines a brass scraper is placed in the end of the piston - 
pin. The scraper picks up the lubricating oil from the cylinder. 
This scraper often becomes choked with tar. It should be cleaned 
very frequently. 
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To find the hyperbolic logarithm of a ratio which is ten times any ratio given in 
the table, find the ratio in the table which is one-tenth of the given ratio and add 2.3026 
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What is the hyperbolic logarithm of 15.5? 15.5 is ten times 1.55. The logarithm 
of 1.55 is 0.4383, and 0.4383 + 2.3026 = 2.7409 which is the hyperbolic logarithm of 
15.5. 
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pA 60.4757 | 291.04 14 | 104.458 868.31 4 148.440 | 1,753.5 
4 61.2611 | 298.65 144 | 105.243 881.41 46 | 149.226 | 1,772.1 
AA 62.0465 | 306.35 34 106.029 894.62 34 | 150.011 | 1,790.8 
20 62.8319 | 314.16 34 106.814 907.92 || 48 150.796 | 1,809.6 
A 63.6173 | 322.06 4% | 107.600 921.32 44 | 151.582 | 1,828.5 
Ww 64.4026 | 330.06 BA 108.385 934.82 16 152.367 | 1,847.5 
3% 66.1880 | 338.16 34 | 109.170 948 .42 34 | 153.153 | 1,866.5 
21 65.9734 | 246.36 35 109 .956 962.11 49 153.938 | 1,885.7 
y% 66.7588 | 354.66 4% | 110.741 975.91 4 | 154.723 | 1,905.0 
4% 67.5442 | 363.05 4% | 111.527 989.80 14g 155.509 | 1,924.2 
34 68.3296 | 371.54 SA 2h 3 Ta" | 1003.8 34 156.294 | 1,943.9 
22 69.1150 | 380.13 36 113.097 | 1,017.9 50 157.080 | 1,963.5 
Vy 69.9004 | 388.82 4% | 113.8838 | 1,032.1 4 | 157.865 | 1,983.2 
4 70.6858 | 397.61 146 | 114.668 | 1,046.3 46 | 158.650 | 2,003.0 
34 71.4712 | 406.49 34 | 115.454 | 1,060.7 34 159.436 | 2,022.8 
23 72.2566 | 415.48 37 116.239 | 1,075.2 51 160.221 | 2,042.8 
yy 73.0420 | 424.56 4% | 117.024 | 1,089.8 14 | 161.007 | 2,062.9 
Wg 73.8274 | 433.74 44 | 117.810 | 1,104.5 146 | 161.792 | 2,083.1 
4% 74.6128 | 443.01 34 | 118.596 | 1,119.2 34 | 162.577 | 2,103.3 
24 75.3982 | 452.39 38 119.381 | 1,134.1 52 163.3963. | -2;123).7. 
44 76.1836 | 461.86 4% | 120.166 | 1,149.1 4 | 164.148 | 2,144.2 
4g 76.9690 | 471.44 1g | 120.951 | 1,164.2 16 | 164.934 | 2,164.8 
34 77.7544 | 581.11 SEN ADT Sane (93 87 | 165/719 || 2,185.4 
25 78.5398 | 490.87 39 122;522 | 1,194.6 53 166.504 | 2,206.2 
y% 79.3252 | 500.74 144 | 123.308 | 1,210.0 144 | 167.290 | 2,227.0 
4 80.1106 | 510.71 4g | 124.093 | 1,225.4 146 | 168.075 | 2,248.0 
34 80.8960 | 520.77 84 | 124.878 | 1,241.0 34 | 168.861 | 2,269.1 
26 81.6814 | 530.93 40 125.664 | 1,256.6 54 169.646 | 2,290.2 
X4 82.4668 | 541.19 | 126.449 | 1,272.4 4 | 170.431 | 2,311.5 
14 83.2522 | 551.55 4g | 127.2385 | 1,288.2 16) | 171217 | 2:33238 
4 84.0376 | 562.00 34 | 128.020 | 1,304.2 34. | 172.002 | 2,354.3 
27 84.8230 | 572.56 41 128.805 | 1,320.3 55 172.788 | 2,375.8 
Y% 85.6084 | 583.21 yy} 129.591 | 1,336.4 4%} 173.573: | 2,397.5 
14 86.3938 | 593.96 46. | 130.376 | 1,352.7 146 | 174.358 | 2,419.2 
34 87.1792 | 604.81 34 | 181.161 | 1,369.0 34 | 175.144 | 2,441.1 
28 87.9646 | 615.75 42 131.947 | 1,385.4 56 175.929 | 2,463.0 
LA 88.7500 |.626.80 14 132.732 | 1,402.0 14 | 176.715 | 2,485.0 
146 89.5354 | 637.94 46 | 133.518 | 1,418.6 46 | 177.500 | 2,507.2 
34 90.3208 | 649.18 34 | 184.303 | 1,435.4 34 | 178.285 | 2,529.4 
29 91.1062 | 660.52 43 135.088 | 1,452.2 57 179.071 | 2,551.8 
4 91.8916 | 671.96 4 135.874 | 1,469.1 14 | 179.856 | 2,574.2 
14 92.6770 | 683.49 16 | 136.659 | 1,486.2 46 | 180.642 | 2,596.7 
34 93.4624 | 695.13 34 | 137.445 | 1,503.3 34 | 181.427 | 2,619.4 
30 94.2478 | 706.86 44 138.230 | 1,520.5 58 182.212 | 2,642.1 
% 95.0332 | 718.69 4 139.015 | 1,587.9 4 182.998 | 2,664.9 
12 95.8186 | 730.62 1g | 189.801 | 1,555.3 46 | 183.783 | 2,687.8 
34 96.6040 | 742.64 34 | 140.586 | 1,572.8 34 | 184.569 | 2,710.9 
31 97.3894 | 754.77 45 141.372 | 1,590.4 59 185.354 | 2,734.0 
4 98.1748 | 766.99 44 | 142.157 | 1,608.2 4 186.139 | 2,757.2 
Vy 98.9602 | 779.31 1g | 142.942 | 1,626.0 46 | 186.925 | 2,780.5 
34 99.7456 | 791.73 84 | 143.728 | 1,643.9 34 | 187.710 | 2,808.0 
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, AREAS AND CIRCUMFERENCES OF CrrcLES—Continued 
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soyout 
‘Iogomeiq, 
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SAD HD ORE DROM ANG HDD ON DDRMOAAAMH NOON WOABOHAMMHTIDONNDGBOOHNOH HIS 
2D QO 9 DO OD 4D OD OD NO OD SH HH SH HH HH HH HH HID 19 10 19 19 1919 19 19 1919 19) 1 OW DOOD DODOOOOSORRERNNNN 
ANAANNAANNAANANNAANANANNAANANAANAANAAANAANAAAANAAAAATANTAANAAAA 
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‘IogouViq, 
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ind Sw - ae Be 
© sy ° eis Os 5.2 
EB Sag ga. | 288 oe 2 a 3 
Se i see.) Seo) ees oa = 4é E 
or ER 80's Aa 5 78 a) aS “s 
=) ee 1 SSE BS z re 4 
3 gan q 2aAn3a 2 5 ® 2 = 
ae ee: eee ee C= Aer eel. scone oyoic age 
iS a am 
ODNGD SHE eI eee er te eee eee eal ba be, 000000 
OOOO Menace cly le eas dsm BONAN oma! [ema ae || eee 00000 
0000 | 0.46 0.454 | 0.393 | 0.4 0,20) anne 0000 
000 | 0.40964 | 0.425 | 0.362 | 0.36 07872 ahs tone 000 
00 | 0.3648 0.38 0.331 | 0.33 Ov seep stern, 00 
0 | 0.32495 | 0.34 0.307 | 0.305 O2324 Nees 0 
1 | 0.2893 0.3 0.283 | 0.285 OIE ime ae 1 
2 | 0.25763 | 0.284 | 0.263 | 0.265 OU2 764). Shan 2 
3 | 0.22042 | 0.259 | 0.244 | 0.245 0202 alee 3 
4 | 0.20431 | 0.238 | 0.225 | 0.225 0, 2825 em 4 
5 | 0.18194 | 0.22 0.207 | 0.205 O22 eines 5 
6 | 0.16202 | 0.203 | 0.192 | 0.19 Onl02. here 6 
7 | 0.14428 | 0.18 0.177 | 0.175 ONG 9) vee 7 
8 | 0.12849 | 0.165 | 0.162 | 0.16 O16 site Artey: 8 
9 | 0.11443 | 0.148 | 0.148 | 0.145 Onda ara 9 
10 | 0.10189 | 0.134 | 0.135 | 0.13 Guess oe 10 
11 | 0.090742 | 0.12 ONZE OPPS | O.11egr ly ees 11 
12 | 0.080808 | 0.109 | 0.105 | 0.105 OF 2044 ores 12 
13 | 0.071961 | 0.095 | 0.092 | 0.0925 | 0.092 | |....: 13 
14 | 0.064084 | 0.083 | 0.08 | 0.08 0.08 | 0.083 14 
15 | 0.057068 | 0.072 | 0.072 | 0.07 0.072 | 0.072 15 
16 | 0.05082 | 0.065 | 0.063 | 0.061 0.064 | 0.065 16 
17 | 0.045257 | 0.058 | 0.054 | 0.0525 | 0.056 | 0.058 17 
18 | 0.040303 | 0.049 | 0.047 | 0.045 0.048 | 0.049 18 
19 | 0.03589 | 0.042 | 0.041 | 0.039 0.04 | 0.04 19 
20 | 0.031961 | 0.035 | 0.035 | 0.034 0.036 | 0.035 20 
21 | 0.028462 | 0.032 | 0.032 | 0.03 0.032 | 0.0315 21 
22 | 0.025347 | 0.028 | 0.028 | 0.27 0.028 | 0.0295 22 
23 | 0.022571 | 0.025 | 0.025 | 0.024 0.024 | 0.027 23 
24 | 0.0201 0.022 | 0.023 | 0.0215 | 0.022 | 0.025 24 
25 | 0.0179 0.02 0.02 | 0.019 0.02. | 0.023 25 
26 | 0.01594 | 0.018 | 0.018 | 0.018 0.018 | 0.0205 26 
27 | 0.014195 | 0.016 | 0.017 | 0.017 0.0164 | 0.01875 27 
28 | 0.012641 | 0.014 | 0.016 | 0.016 0.0148 | 0.0165 28 
29 | 0.011257 | 0.013 | 0.015 | 0.015 0.0136 | 0.0155 29 
30 | 0.010025 | 0.012 | 0.014 | 0.014 0.0124 | 0.01375 30 
31 | 0.008928 | 0.01 0.0135 | 0.013 0.0116 | 0.01225 31 
32 | 0.00795 | 0.009 | 0.013 | 0.012 0.0108 | 0.01125 32 
33 | 0.00708 | 0.008 | 0.011 | 0.011 0.01 | 0.01025 33 
34 | 0.006304 | 0.007 | 0.01 | 0.01 0.0092 | 0.0095 34 
35 | 0.005614 | 0.005 | 0.0095 | 0.009 0.0084 | 0.009 35 
36 | 0.005 0.004 | 0.009 | 0.008 0.0076 | 0.0075 36 
37 | 0.004453 | ...-. 0.0085 | 0.00725 | 0.0068 | 0.0065 37 
S80) 02008965 foo nana 0.008 | 0.0065 | 0.006 | 0.00575 38 
39 |-0.003581 | ..... 0.0075 | 0.00575 | 0.0052 | 0.005 39 
40 | 0.003144 | ..... 0.007 | 0.005 0.0048 | 0.0045 40 
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WErIGHT OF SQUARE AND RounD [RON PER LINEAR Foot 


Side 
or Weight, 
diam- | square 
eter 
Ve 0.013 
Vg 0.053 
Me 0.118 
yy 0.211 
3% 0.475 
yy 0.845 
% 1.32 
54 1.901 
K% 2.588 
1 3.38 
¥ 4.278 
yy 5.28 
x% 6.39 
¥y 7.604 
% 8.926 
4% 10.352 
K% 11.883 


Side Side 
Weight, or Weight, | Weight, or Weight, 
round diam- square round diam- square 
eter eter 
0.01 2 13.52 10.616 5 84.48 
0.041 Bs 15.263 | 11.988 yy 93.168 
0.093 Y% 17.112 ; 18.44 yy 102.24 
0.165 3% 19.066 | 14.975 34 111.756 
0.373 4% 21.12 16.588 
0.663 5% 23.292 | 18.293 6 121.664 
1.043 34 25.56 20.076 y% 132.04 
1.493 % 27.939 | 21.944 Ww 142.816 
2.032 4% 154.012 
3 80.416 | 23.888 
2.654 y% 35.704 | 28.04 i 165, 632 
3.359 VW“ 41.408 | 32.515 Yy% 177.672 
4.147 34 47.534 | 37.332 16 190.136 
5.019 34 203.024 
5.972 4 54.084 | 42.464 
7.01 yy 61.055 | 47.952 8 216.336 
8.128 4 68.448 | 53.76 
9.333 34 76.264 | 59.9 9 273.792 


Weight, 
round 


66. 
73. 
80. 
87. 


95. 
103. 
112. 
120. 


130. 
139. 
149. 
159. 
169. 


215. 


35 

172 
304 
776 


552 
704 
16 
96 


048 
544 
328 
456 
856 


04 


(For steel, add 2 per cent.) 
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WeicuT or Rivers anp Rounp Hraprep Bours Wirnout Nuts, per 100 


(Length from under Head. One Cubic Foot Weighing 480 lb.) 


Diameter, inches 


Length, 

Seis rey etl ge eh ee 1 | 1% | 1% 
1% HoZsoh IA Ga) Salo) Sere |) eeial Ih GsBE | On|) Tee: 
1% 6.2 | 138.9 23 31.8 47.3 AU 98.4 133 
134 GeOe eons: 25.8 34.9 51.4 76.2 | 105.0 142 

Wath WAG AS 2029) 37.9 55.6 81.6 | 112.0 150 
24 8.5 | 18.0 30.0 41.0 59.8 87.1 | 119.0 159 
26 9.2 | 19.4 32.2 44.1 63 .0 92.5 | 126.0 167 
234 LOZ ON |e 20k7 34.3 47.1 68.1 98.0 | 133.0 176 
3 LORS a2 rel 36.4 50.2 (2mm el OS sO ra4OnO 184 
314 11.5; | 23.5 38.6 53.3 76.5 | 109.0 | 147.0 193 
3 L2GSm ose Seen Tle oe 540) a SOe 7a elle Oui 54e On meeOL 
334 WS Th | PBL |) SE | SO UM AS | Tl) ai @) || Or 
4 LSES ale eto 45.0 62.5 89.0 | 125.0 | 167.0 218 
44 14.6 | 28.9 47.1 65.6 938.2 | 1381.0 | 174.0 227 
416 Lona Oro 49.2 68.6 97.4 | 1386.0 | 181.0 236 
434 GY P| Sul 51.4 “17+ 102.0 | 142.0 | 188.0 244 
§ 16.9 | 33.0 Seo 74.8 | 106.0 | 147.0 | 195.0 253 
54% Line a) San 4 55.6 77.8 | 110.0 | 153.0 | 202.0 261 
516 18.4 | 35.7 ed 80.9 | 114.0 | 158.0 | 209.0 270 
534 OMS Nes acl 59.9 84.0 | 118.0 | 163.0 |} 216.0 278 
6 20.0 | 388.5 62.0 87.0 || 122.10, | 169.0) ) 228-0 287 
616 21.5 | 41.2 66.3 93.2 | 131.0 | 180.0 | 286.0 304 
a 23.0 | 43.9 CORS 99.3 | 1389.0 | 191.0 | 250.0 321 
716 24.6 | 46.6 74.8 | 106.0 | 147.0 | 202.0 | 264.0 338 
8 26.1 | 49.4 79.0 1g11220) | 156.05) 213850) 1278.0 355 
84 Path BY | ijn | 83.3 | 118.0 | 164.0 | 228.0 | 292.0 372 
9 29.2 | 54.8 87.6 | 124.0 | 173.0 | 234.0 | 306.0 389 
914 SOR aod a0: 91.8 | 130.0 | 181.0 | 245.0 | 319.0 406 

10 32.2 | 60.3 96.1 | 136.0 | 189.0 | 256.0 | 333.0 423 

10% 83.8 | 63.0 | 101.0 | 142.0 | 198.0 | 267.0 | 347.0 440 

11 35.3 | 65.7 | 105.0 | 148.0 )-206.0 | 278.0 | 361.0 457 

11% 36.8 | 68.5 | 109.0 | 155.0 | 214.0 | 289.0 | 375.0 474 

12 88.4 | 71.2 | 113.0 | 161.0 | 228.0 | 300.0 | 388.0 491 

Heads 1.8 5.7 10.9 13.4 22.2 38.0 57.0 82.0 


Add 2 per cent for steel. 
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WeicHt AND SrrenetH or Iron Bouts 
ee ee ee ee ee ee 


Ends enlarged or Ends not Ends enlarged or Ends not 
upset enlarged | upset enlarged 
iS { a4 Se cee. es 
oe 23) 24) o8 pee oeles) 44) 2 ee 
Ose | Sea | BS | ok Ly Bol ose ecg hl ee wale. ce eee 
Oe |e | S| SS | Boal Sie ihe eee cee eae 
TREAEHLEIESELIESE CEES 
a6 (38/88i/ 88/38 | ¢8/35| 28| sg] 35 
ea Pol =o a a =A Wag Ngee eek NE ea TS) 
Te NOMOfT4h 022451 Be a |% ets 1 34 | 8.10) 45.7) 2.14] 12.0 
SiGe Ooo ip eee! Got wlo.o00 ei 11346] 8.69} 49.0) 2.22 12.9 
1g |0.165 | 0.983] 0.35 | 0.321//1 % 9.30) 52.5) 2.30 13.8 
{6 |0.258 | 1.53 | 0.43 | 0.452)| 11546] 9.93) 56.0) 2.38 14.7 
8g 10.372 | 2.21 | 0.50 | 0.654|| 2 10..6 59.7| 2.45 15.7 
146 |0.506 | 3.00 | 0.58 | 0.897|] 2 1g | 12.0 63.8} 2.59 17.5 
1% 10.661 | 3.93 | 0.66 | 1:14 ||/2 % | 13.4 71.6] 2.73 19.5 
%6 |0.837 | 4.97 | 0.73 | 1.41 || 2 3g | 14.9 79.7| 2.88 21.6 
56 - 1:03 6.14 | 0.80 | 1.67 || 2 4 | 16.5 88.4} 3.02 23.9 
WW, |1.25 (e422 NORSSa |e 2OSulli2 eeu lel sae 97.4) 3.16 26.1 
34 «11.49 8.83 | 0.96 | 2.41 || 2 3g | 20.0 | 106.9} 3.30 28.5 
13/, |1.75 |10.4 TOS ESS \=2 Fen e212 On ST GeSipoe4o 31.1 
% |2.03 {12.0 TPA | BoPAG. {I 33 23.8 |, 127.2) 3.60 33.9 
15/, |2.33 |13.8 | 1.20] 3.77 || 3 % | 27.9 | 141.0) 3.86 | 39.1 
1 2.65 ~|15.7 WE QT Taso 7 NS 6 93204) | 9163, 6|e4at 44.4 
1 Wg (2.99 {16.8 13542 HS Ames ieanlml Sie anaes 51.0 
11g |3.85 {18.9 1.42 | 5.28 || 4 42.3 | 213.6} 4.70 57.8 
1 36 (38:73 21-1 1.49 | 5.81 || 4 | 47.8 | 227-0) 4.98 65,2 
by ee IBS S583 1.55 | 6.39 || 4 16 | 53.6 | 254.5) 5.25 72.9 
Hoe 4 56) 250i 1.64 | 7.04 || 4 34 | 59.7 | 283.5} 5.53 80.5 
1 3g +|5.00 |28.2 1.72} 7.74 || 5 66.1 | 314.2) 5.80 88.1 
1 Ke |5.47 |30.8 1.80 | 8.48 || 5 144 | 72.9 | 324.7] 6.08 97.0 
1% (5.95 |33:6 1.87 | 9.20 || 5 144 | 80.0 | 356.4] 6.36 | 106.0 
1 %6 |6.46 |36.4 1.94 | 9.88 || 5 34 | 87.5.| 389.5] 6.63} 116.0 
1 5g |6.99 |39.4 2.00 |10.6 6 95.2 | 424.1) 6.90 | 126.0 
114%, |7.53 |42.5 ZO Cals ee 


For steel, add 2 per cent. 

For square bars increase the breaking strains }4 part. 

A long upset rod is no stronger than one not upset, against slowly applied 
loads or strains. Therefore in such cases the column of greatest diameter 
in the table should be used. 


WEIGHT OF SHEET IRON PER SQUARE Foot 
No. 1 is 546 of an inch; No. 4, 14; No. 11, \, ete. 


Number on wire gage.......... fe) 3 4596 879 el Ome hea 
Pounds avoirdupois........... 12.5 12 11 109 8 7.5 7 6 5.68 5, 4.62 
Number on wire gage..... 13° °-14 915-16 17-98)» -19 <- S20 a ST. ese2: 
Pounds avoirdupois...... 4.31 4 3:95 3 2.5 2.18 91.93 1.625 1,601 37 


Add 2 per cent for steel. 


Height Area Height Area Height | Area | Height Area 
0.001 | 0.000 042 || 0.064 | 0.021 168 || 0.127 | 0.057 991 0.1904 0.103 900 
0.002 | 0.000 119 0.065 | 0.021 660 0.128 | 0.058 658 | 0.191 0.104 683 
0.003 | 0.000 219 || 0.066 | 0.022 155 j/ 0.129 -} 0.059 328 | 0.192 || 0.105 472 
0.004 | 0.000 337 |} 0.067 | 0.022 653 || 0.130 | 0.059 999 | 0.193 || 0.106 261 
0.005 | 0.000 471 0.068 +} 0.023 155 0.131 | 0.060 673 | 0.194 0.107 051 
0.006 | 0.000 619 |} 0.069 | 0.023 660 || 0.132 | 0.061 349 | 0.195 || 0.107 843° 
0.007 | 0.000 779 |} 0.070 | 0.024 168 || 0.133 | 0.062 027 | 0.196 || 0.108 636 
0.008} 0.000 952 || 0.071 | 0.024 680 || 0.134 | 0.062 707 | 0.197 + 0.109 431 
0.009 | 0.001 135 |; 0.072 | 0.025 196 || 0.135 | 0.063 389 | 0.198 || 0.110 227 
0.010 | 06.001 329 0.073 | 0.025 714 0.136 | 0.064 074 | 0.199 0.111 025 
0.011 | 0.001 533 0.074 | 0.026 236 0.137 | 0.064 761 | 0.200 0.111 824 
0.012 | 0.001 746 0.075 | 0.026 761 0.138 | 0.065 449 | 0.201 0.112 625 
0.013 | 0.001 969 || 0.076 | 0.027 290 |} 0.139 | 0.066 140 | 0.202 || 0.113 427 
0.014 | 0.002 199 || 0.077 | 0.027 821 || 0.140 | 0.066 833 | 0.203 || 0.114 231 
0.015 | 0.002 438 || 0.078 | 0.028 356 || 0.141 | 0.067 528 | 0.204 || 0.115 036 
0.016 | 0.002 685 0.079 | 0.028 894 0.142 | 0.068 225 | 0.205+H 0.115 842 
0.017 | 0.002 940 0.080 | 0.029 435 0.143 | 0.068 924 | 0.206 0.116 651 
0.018 | 0.003 202 || 0.081 | 0.029 979 || 0.144 i 0.069 626 | 0.207 || 0.117 460 
0.019 | 0.003 472 || 0.082 | 0.030 526 || 0.145 | 0.070 329 | 0.208 || 0.118 271 
0.020 | 0.003 749 |; 0.083 | 0.031 077 |} 0.146 | 0.071 034 | 0.209 || 0.119 084 
0.021 | 0.004 032 || 0.084 | 0.031 6380 || 0.147 | 0.071 741 | 0.210 || 0.119 898 
0.022 | 0.004 322 || 0.085 | 0.032 186 || 0.148 | 0.072 450 | 0.211 || 0.120 713 
0.023 | 0.004 619 || 0.086 | 0.032 746 |} 0.149 | 0.073 162 |} 0.212-]| 0.121 530 
0.024 | 0.004 922 || 0.087 | 0.033 308 || 0.150 | 0.073 875 | 0.213 || 0.122 348 
0.025 | 0.005 231 || 0.088 | 0.033 873 || 0.151 | 0.074 590 | 0.214 || 0.123 167 
0.026 | 0.005 546 ||} 0.089 | 0.034 441 || 0.152 | 0.075 307 | 0.215 || 0.123 988 
0.027 | 0.005 867 || 0.090 | 0.035 012 |} 0.153 | 0.076 026 | 0.216 || 0.124 811 
0.028 | 0.006 194 || 0.091 | 0.035 586 || 0.154 | 0.076 747 | 0.217 || 0.125 634 
0.029 | 0.006 527 || 0.092 | 0.036 162 || 0.155 | 0.077 470 | 0.218 || 0.126 459 
0.030 | 0.006 866 || 0.093 | 0.036 742 || 0.156 | 0.078 194 | 0.219 || 0.127 286 
0.031 | 0.007 209 || 0.094 | 0.037 324 || 0.157 | 0.078 921 | 0.220% 0.128 114 
0.032 | 0.007 559 || 0.095 | 0.037 909 || 0.158 | 0.079 650 | 0.221 || 0.128 943 
0.033 | 0.007 913 || 0.096 | 0.088 497 || 0.159+| 0.080 380 | 0.222 ||} 0.129 773 
0.034 | 0.008 273 || 0.097 | 0.039 087 || 0.160 | 0.081 112 | 0.223 || 0.130 605 
0.035 | 0.008 638 || 0.098 | 0.039 681 || 0.161 | 0.081 847 | 0.224 ||} 0.131 438 
0.036 | 0.009 008 |} 0.099 | 0.040 277 || 0.162 | 0.082 582 | 0.225 || 0.132 273 
. 0.037 | 0.009 383 || 0.100 | 0.040 875 || 0.163 | 0.083 320 | 0.226 || 0.133 100 
0.038 | 0.009 764 |} 0.101 | 0.041 477 || 0.164 | 0.084 060 | 0.227 %) 0.133 946 
0.039 | 0.010 148 || 0.102 | 0.042 081 || 0.165 | 0.084 801 | 0.228 || 0.134 784 
0.040 | 0.010 538 || 0.103 | 0.042 687 |; 0.166 | 0.085 545 | 0.229 || 0.135 624 
0.041 | 0.010 932 || 0.104 | 0.043 296 || 0.167 +| 0.086 290 | 0.230 || 0.136 465 
0.042 | 0.011 331 || 0.105 | 0.043 908 || 0.168 | 0.087 037 | 0.231 || 0.137 307 
0.043 | 0.011 734 || 0.106 | 0.044 523 |} 0.169 | 0.087 785 | 0.232 || 0.138 151 
0.044 | 0.012 142 || 0.107 | 0.045 140 || 0.170 | 0.088 536 | 0.233 || 0.138 996 
0.045} 0.012 555 || 0.108 | 0.045 759 || 0.171 | 0.089 288 | 0.234 || 0.139 842 
0.046 | 0.012 971 || 0.109 | 0.046 381 || 0.172 | 0.090 042 | 0.2354/| 0.140 689 
0.047 | 0.013 393 || 0.110 | 0.047 006 |} 0.173 | 0.090 797 | 0.236 || 0.141 538 
0.048 | 0.013 818 ||.9.111 | 0.047 633 || 0.174 4°0.091 555 | 0.237 || 0.142 388 
0.049 | 0.014 248 || 0.112 | 0.048 262 || 0.175 | 0.092 314 | 0.238 || 0.143 239 
0.050 | 0.014 681 || 0.113 | 0.048 894 || 0.176 | 0.093 074 | 0.239 || 0.144 091 
0.051 | 0.015 119 || 0.114 | 0.049 529 || 0.177 | 0.093 837 | 0.240 || 0.144 945 
0.052 | 0.015 561 |} 0.115 | 0.050 165 || 0.178 | 0.094 601 | 0.241 || 0.145 800 
0.0534 0.016 008 || 0.116 | 0.050 805 || 0.179 | 0.095 367 | 0.2424) 0.146 656 
0.054 | 0.016 458 |} 0.117 | 0.051 446 || 0.180 | 0.096 135 | 0.243 || 0.147 513 
0-055 | 0.016 912 || 0.118 } 0.052 090 |} 0.181 | 0.096 904 | 0.244 || 0.148 371 
0.056 | 0.017 369 |] 0.119 | 0.052 737 || 0.182 +-0.097 675 | 0.245 |/ 0.149 231 
0.057 | 0.017 831 || 0.120 | 0.053 385 || 0.183 | 0.098 447 | 0.246 || 0.150 O91 
0.058 | 0.018 297 || 0.121 | 0.054 037 || 0.184 | 0.099 221 | 0.247 || 0.150 953 
0.059 | 0.018 766 || 0.122 | 0.054 690 |} 0.185 | 0.099 997 | 0.248 |) 0.151 816 
0.060 | 0.019 239 || 0.123 | 0.055 346 || 0.186 | 0.100 774 | 0.249 || 0.152 681 
0.061 40.019 716 || 0.124 | 0.056 004 || 0.187 | 0.101 553 | 0.250 )7 0.153 546 
0.062 | 0.020 197 || 0.125 | 0.056 664 || 0.188 | 0.102 334 
0.063 | 0.020 681 || 0.126 | 0.057 327 || 0.189 | 0.1038 116 
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AREAS OF CrRCULAR SEGMENTS 
(Diameter = 1) 
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AREAS OF CIRCULAR SEGMENTS—Continued 
(Diameter = 1) 


Height Area Height Area Height Area Height Area 
0.251 | 0.154 413 || 0.314 |.0.211 083 || 0.377 | 0.270 951 || 0.440 | 0.332 843 
0.252 | 0.155 281 || 0.315 | 0.212 011 || 0.378 | 0.271 921 || 0.441 | 0.333 836 
0.253 | 0.156 149 0.316 | 0.212 941 0.3794 0.272 891 0.442 | 0.334 829 
0.254 | 0.157 019 || 0.317 | 0.213 871 || 0.380 | 0.273 861 || 0.443 | 0.335 823 
0.255 | 0.157 891 || 0.3184 0.214 802 || 0.381 | 0.274 832 || 0.444 | 0.336 816 
0.266 | 0.158 763 || 0.319 | 0.215 734 || 0.3882 | 0.275 804 || 0.445 | 0.337 810 
0.257 | 0.159 636 |) 0.320 | 0.216 666 || 0.383 | 0.276 776 || 0.446 | 0.338 809 
0.258" 0.160 511 || 0.321 | 0.217 600 || 0.384 | 0.277 748 || 0.447 60.339 799 
0.259 | 0.161 386 || 0.322 | 0.218 534 || 0.385 | 0.278 721 || 0.448 | 0.340 793 
0.260 | 0.162 263 0.323 | 0.219 469 0.386 4 0.279 695 0.449 | 0.341 788 
0.261 | 0.163 141 || 0.324 | 0.220 404 || 0.387 | 0.280 669 || 0.450 | 0.342 783 
0.262 | 0.164 020 ||_0.325 | 0.221 341 || 0.388 | 0.281 643 || 0.451 | 0.343 778 
0.262 | 0.164 900 || 0.326¢] 0.222 278 || 0.389 | 0.282 618 || 0.452 | 0.344 773 
0.264 | 0.165 781 0.327 | 0.223 216 0.390 | 0.283 593 0.435 | 0.345 768 
0.265 0.166 663 0.328 | 0.224 154 0.391 | 0.284 569 0.454 | 0.346 764 
0.266.| 0.167 546 || 0.329 | 0.225 094 || 0.392 | 0.285 545 || 0.4554" 0.347 760 
0.267 | 0.168 431 || 0.330 | 0.226 034 || 0.393 | 0.286 521 || 0.4564 0.348 756 
0.268 | 0.169 316 0.331 | 0.226 974 0.3944 0.287 499 0.457 | 0.349 752 
0.269 | 0.170 202 || 0.332 | 0.227 916 || 0.395 | 0.288 476 || 0.458 | 0.350 749 
0.270 | 0.171 090 || 0.3334 0.228 858 || 0.396 | 0.289 454 || 0.459 | 0.351 745 
O.271| 0.171 978 0.334 | 0.229 801 0.397 | 0.290 432 0.460 | 0.352 742 
0.272 | 0.172 868 0.335 | 0.230 745 0.398 | 0.291 411 0.461 | 0.353 739 
0.273% 0.173 758 || 0.336 | 0.231 689 || 0.399 | 0.292 390 || 0.462 +°0.354 736 
0.274.) 0.174 650 || 0.337 | 0.232 634 || 0.400 | 0.293 370 || 0.463 | 0.355 733 
0.275 | 0.175 542 0.338 | 0.283 580 0.401 | 0.294 350 0.464 | 0.356 730 
0.276 | 0.176 436 || 0.339 | 0.234 526 |! 0.4024 0.295 350 || 0.465 | 0.357 728° 
0.277 | 0:177 330 || 0.340 | 0.235 473 || 0.403 | 0.296 311 || 0.466 | 0.358 725 
0.278 | 0.178 226 || 0.3414 0.236 421 || 0.404 | 0.297 292 || 0.467 | 0.359 723 
0.279 | 0.179 122 || 0.342 | 0.237 369 || 0.405 | 0.298 274 || 0.468 | 0.360 721 
0.28047 0.180 020 || 0.343 | 0.238 319 || 0.406 | 0.299 256 || 0.469 4+,0.361 719 
0.281 | 0.180 918 || 0.344 | 0.239 268 || 0.407 | 0.300 238 || 0.4704 0.362 717 
0.282 | 0.181 818 || 0.345 | 0.240 219 || 0.408 | 0.301 221 || 0.471 | 0.363 715 
. 0.283 | 0.182 718 || 0.346 | 0.241 170 || 0.409 V 0.302 204 || 0.472 | 0.364 714 
0.284 | 0.183 619 0.347 | 0.242 122 0.410 | 0.303 187 0.473 | 0.365 712 
0.285 | 0.184 522 || 0.3484 0.243 074 || 0.411 | 0.304 171 || 0.474 | 0.366 711. 
0.286 | 0.185 425 || 0.349 | 0.244 027 || 0.412 | 0.305 156 || 0.475 | 0.367 710 
0.287 | 0.186 329 || 0.350 | 0.244 980 || 0.413 | 0.306 140 || 0.476 | 0.368 708 
0.288% 0.187 235 0.351 | 0.245 935 0.414 | 0.307 125 0.4774 0.369 707 
0.289-| 0.188 141 || 0.352 | 0.246 890 || 0.415 | 0.308 110 || 0.478 | 0.370 706 
0.290; | 0.189 048 || 0.353 | 0.247 845 || 0.416 | 0.309 096 || 0.479 | 0.371 705 
0.291 | 0.189 956 || 0.354 | 0.248 801 || 0.417," 0.310 082 || 0.480 | 0.372 704 
0.292 | 0.190 865 || 0.355 | 0.249 758 |! 0.418 | 0.311 068 || 0.481 | 0.373 704 
0.293-| 0.191 774 0.356 + 0.250 715 || 0.419 | 0.312 055 ||} 0.482 | 0.374 703 
0.294 | 0.192 685 || 0.357 ; 0.251 673 || 0.420 | 0.313 042 || 0.483 | 0.375 702 
0.295#°0.193 597 || 0.358 | 0.252 632 || 0.421 | 0.314 029 || 0.484 | 0.376 702- 
0.296 | 0.194 509 || 0.359 | 0.253 591 || 0.422 | 0.315 017 || 0.485¢.0.377 701 
0.297 | 0.195 423 || 0.360 ; 0.254 551 |; 0.423 | 0.316 005 || 0.486 + 0.378 701 
0.298 | 0.196 337 || 0.361 | 0.255 511 || 0.424% 0.316 993 || 0.487 | 0.379 701 
0.299 | 0.197 252 || 0.362 | 0.256 472 || 0.425 | 0.317 981 || 0.488 | 0.380 700 
0.300 | 0.198 168 || 0.363 | 0.257 433 || 0.426 | 0.318 970 || 0.489 | 0.381 700 
0.301 | 0.199 085 || 0.364 40.258 395 || 0.427 | 0.319 959 || 0.490 | 0.382 700 
0.302, |-0.200 003 || 0.365 | 0.259 358 || 0.428 | 0.320 949 || 0.491 | 0°383 700 
0.3034 0.200 922 || 0.366 | 0.260 321 || 0.429 | 0.321 938 || 0.4924 0.384 699 
0.304 | 0.201 841 || 0.367 | 0.261 285 || 0.430 | 0.322 928 || 0.493 | 0.385 699 
0.305 |-0.202 762 || 0.368 | 0.262 249 || 0.431 | 0.323 919 || 0.494 | 9.386699 
0.306 | 0.203 683 || 0.369 | 0.263 214 || 0.432 + 0.324 909.|| 0.495 | 0.387 699 
0.307 | 0.204 605 || 0.370 | 0.264 179 || 0.433 | 0.325 900 || 0.496 | 0.388 699 
0.308-| 0.205 528 || 0.371 40.265 145 || 0.434 | 0.326 891 || 0.497 | 0.389 699 
0.309 | 0.206 452 || 0.372 | 0.266 111 || 0.435 | 0.327 883 || 0.498 | 0.390 699 
0.310 | 0.207 376 || 0.373 | 0.267 078 || 0.436 | 0.328 874 || 0.499 | 0.391 699 
0.311 4°0.208 302 || 0.374 | 0.268 046 || 0.437 | 0.329 866 |] 0.5002/0.392 699 
0.312 | 0.209 228 || 0.375 | 0.269 014 || 0.438 | 0.330 858 
0.313 | 0.210 155 || 0.376 | 0.269 982 || 0.439 ¥ 0.331 851 
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CAPACITY OF RESERVOIRS IN GALLONS 


Norr.—The columns headed Length and Width denote the length and 
width in feet; the columns headed Gallons denote the capacity in U. 8S. 
gallons for 1 ft. in depth. 


Length Length Length Length 
and Gallons and Gallons and Gallons and Gallons 
width width width width 
I< 7.481 15X 7 785.455 || 23x10 | 1,720.519 ||} 13X13 | 1,264.208 
2X1 14.961 16<o7 837.818 || 24X10 | 1,795.325 14X13 | 1,361.454 
ai<il 22.442) 1) 17 X>7 890.182 || 25X10 | 1,870.130 || 15X13 | 1,458.701 
PSP) 29.922 |, 18X 7 942.545 || 2610 | 1,944.935 |; 1613 | 1,555.948 
3X2 44.883 || 19x 7 994.909 || 27X10 | 2,019.740 || 17X13 | 1,653.195 
4x2 59.844 || 20 7 | 1,047.273 || 28X10 | 2,094.545 || 18X13 | 1,750.442 
5X2 74.805 || 21x 7 | 1,099.636 || 29X10 |} 2,169.351 || 19X13 | 1,847.688 
6x2 89.766 8x 8 478.753 || 30X10 | 2,244.156 || 20X13 | 1,944.9385 
3X3 67.325 9x°8 538.597 || 11X11 905.143 || 21X13 | 2,042.182 
4X3 89.766 || 10x 8 598.442 || 12x11 987.429 || 2213 | 2,139.429 
5x3 | 112.208 || 11x 8 658.286 || 13X11 | 1,069.714 || 23X13 | 2,236.675 
6X3 | 134.649 12x 8 718.130 || 14X11 | 1,152.000 || 24x13 | 2,333.922 
7X3~| 157.091 13X 8 777.974 || 15X11 | 1,234.286 || 25134 2.431.169 
8x3 | 179.532 || 14x 8 837.818 || 16X11 | 1,816.571 || 26X13 | 2,528.416 
9X3 | 201.974 || 15x 8 897.662 || 17X11 | 1,398.857 || 27X13 | 2,625.662 
4x4 | 119.688 |) 16x 8 957.507 || 18X11 | 1,481.143 || 28x13 | 2,722.909 
5x4 | 149.610 || 17X 8 | 1,017.351 |} 19X11 | 1,563.429 || 29x13 | 2,820.156 
6x4 | 179.532 |} 18x 8 | 1,077.195 || 2011 | 1,645.714 || 3013 | 2,917.403 
7X4 | 209.455 || 19X 8 | 1,137.039 || 21X11 | 1,728.000 |} 31X13 | 3,014.649 
8x4 | 239.377 || 20x 8 | 1,196.883 || 22x11 | 1,810.286 || 3213 | 3,111.896 
9X4 | 269.299 || 21X 8 | 1,256.727 || 23x11 | 1,892.571 || 33X13 | 3,209.143 
104 | 299.221 || 22x 8 | 1,316.571 || 24x11 | 1,974.857 || 34X13 | 3,306.390 
114 | 329.143 || 23x 8 | 1,376.416 || 25X11 | 2,057.143 || 35X13 | 3,403.636 
124 | 359.065-|| 24x 8 | 1,436.260 || 26X11 | 2,139.428 || 36X13 | 3,500.883 
5x5 | 187.013 9x 9 605.922 || 27X11 | 2,221.714 || 37X13 | 3,598.130 
6x5 224.416 10x 9 673.247 28X11 | 2,304.000 || 38X13 | 3,695.377 
7X5 | 261.818 || 11x 9 740.571 || 29X11 | 2,386.286 || 39X13 | 3,792.623 
8X5 | 299.221 12x 9 807.896 || 30X11 | 2,468.571 || 14x14 | 1,466.182 
9X5 | 336.623 || 18x 9 875.221 || 31X11 | 2,550.857 || 15x14 | 1,570.909 
105 | 374.026 |} 14x 9 942.545 || 32X11 | 2,633.143 || 16x14 | 1,675.636 
115 | 411.429 15x 9 | 1,009.870 |} 33X11 | 2,715.429 || 1714 | 1,780.363 
12*5 | 448.831 16x 9 | 1,077.195 || 1212 | 1,077.195 |} 1814 | 1,885.091 
135 | 486.234 17X 9 | 1,144.519 || 1312 | 1,166.961 || 19x14 | 1,989.818 
145 | 523.636 || 18x 9 | 1,211.844 || 1412 | 1,256.727 || 2014 | 2.094.545 
15x<5. | 561.039 |} 19X 9 | 1,279.169 || 15x12 | 1,346.498 || 2114 | 2,199. 263 
6x6 269.299 20X 9 | 1,346.493 16X12 | 1,436.260 || 22x14 | 2,304.000 
7X6 | 314.182 || 21x 9 | 1,413.818 || 1712 | 1,526.026 || 2314 | 2.408.727 
8X6 | 359.065 || 22x 9 | 1,481.143 || 1812 | 1,615.792 || 24x14 | 2.513.454 
9x6 | 403.948 || 23x 9 | 1,548.467 || 19x12 | 1,705.558 || 25x14 | 2.618.182 
106 | 448.831 || 24x 9 | 1,615.792 || 20x12 | 1,795.325 || 26x14 | 2,722.909 
11X6 | 493.714 || 25x 9 | 1,683.117 || 2112 | 1,885.091 || 2714 | 2.827.636 
126 | 538.597 || 26x 9 | 1,750.442 || 22x12 | 1,974.857 || 28x14 | 2,932.364 
136 | 583.480 || 27X 9 | 1,817.766 || 23x12 | 2,064.623 || 29x14 | 3,037.091 
14X6 | 628.364 || 10x10 748.052 || 24X12 | 2,154.390 || 3014 | 3,141.818 
15X6 | 673.247 || 11X10 822.857 || 25X12 | 2,244,156 || 31X14 | 3,246.545 
166 | 718.130 || 12x10 897.662 || 26X12 | 2,333.922 || 32x14 | 3,351.273 
17X6 | 763.013 || 13x10 972.467 || 27X12 | 2,423.688 || 33x14 | 3,456.000 
186 | 807.896 || 14x10 | 1,047.273 || 28X12 | 2,513.455 || 34x14 | 3,560.727 
7X7 | 366.545 || 15X10 | 1,122.078 || 29x12 | 2,603.221 || 35x14 | 3,665.454 
8X7 | 418.909 |} 16X10 | 1,196.883 || 30X12 | 2,692.987 || 3614 | 3,770.182 
9X7 4.471.273 || 17X10 | 1,271.688 || 3112 | 2,782.753 || 37x14 | 3,874.909 
10X7 | 523.636 || 18X10 | 1,346.493 || 32X12 | 2,872.520 || 38x14 | 3,979.636 
117 | 576.000 || 19X10 | 1,421.299 || 33X12 | 2,962.286 || 39x14 | 4,084.364 
12X7 | 628.364 || 20X10 | 1,496.104 |] 34X12 | 3,052.052 || 40x14 | 4,189.091 
13X7 | 680.727 || 21X10 | 1,570.909 |} 35x12 | 3,141.818 || 4114 | 4,293.818 
14X7 | 733.091 || 22X10 | 1,645.714 || 36X12 | 3,231.585 ||} 42x14 | 4,398.545 
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48 X 28 
50 X 28 


Length Length Length Length 
and Gallons and Gallons and Gallons and Gallons 
width width width width 
15x15 | 1,683.117|| 28x17 | 3,560.727 || 33x20 4,937.143]| 52X28 | 10,891.636 
16X15 | 1,795.325]| 29X17 | 3,687.896 || 34x20 5,086. 753]| 5428 | 11,310.545 
17X15 | 1,907.532|)| 3017 | 3,815.065 || 35x20 5,236.364|| 56X28 | 11,729.454 
18X15 | 2,019.740]| 31X17 | 3,942.234 || 36x20 5,385 .974/| 3030 6,732 .467 
19X15 | 2,131.948]; 3217 | 4,069.403 || 37x20 5,535. 584|| 32x30 7,181.299 
20X15 | 2,244.156]| 33x17 | 4,196.571 || 38x20 5,685.195]| 3430 7,630.130 
21X15 | 2,356.364|| 3417 | 4,323.740 || 39x20 5,834.805|| 36X30 8,078.961 
22X15 | 2,468.571|| 18X18 | 2,423.688 || 40x 20 5,984.416]| 38x30 8,527 .792 
23X15 | 2,580.779|| 19X18 | 2,558.338 || 22x22 3,620.571/| 4030 | 8,976.623 
24X15 | 2,692.987!| 20X18 | 2,692.987 || 24« 22 3,949.714/| 4230 9,425 .454 
25X15 | 2,805.195]| 21X18 | 2,827.636 || 26X22] 4,278.857|| 44x30 | 9,874.286 
26X15 | 2,917.403]| 2218 | 2,962.286 || 28x22 | 4,608.000]| 46X30 | 10,323.117 
27X15 } 3,029.610}} 23X18 | 3,096.935 || 30x22 | 4,937.143]) 48x30 | 10,771.948 
28X15 | 3,141.818]|} 24X18 | 3,231.584 || 32x 22 5,266. 286}| 5030 | 11,220.779 
29X15 | 3,254.026]| 25X18 | 3,366.234 || 34x22 5,595.429|| 52X30 | 11,669.610 
30X15 | 3,366.234|| 26X18 | 3,500.883 || 3622 5,924.571]| 5430 | 12,118.442 
31X15 | 3,478.442|| 27X18 | 3,635.532 || 38x22 6,253.714/| 56X30 | 12,567.273 
32X15 | 3,590.649]| 2818 | 3,770.182 || 40x22 6,582.857|| 58x30 | 13,016.104 
33X15 | 3,702.857|| 29X18 | 3,904.831 || 42x22 6,912.000|| 60X30 | 13,464.935 
34X15 | 3,815.065|| 30X18 | 4,039.480 || 4422 7,241.143]| 32x32 7,660 .052 
35X15 | 3,927.273]} 31X18 | 4,174.130 || 2424 | 4,308.779]| 34x32 8,138.805 
36X15 | 4,039.480]} 3218 | 4,308.779 || 26X24 | 4,667.844|| 3632] 8,617.558 
37X15 | 4,151.688]| 3318 | 4,443.429 || 28x 24 5,026.909}| 38X32 | 9,096.312 
38X15 | 4,263.896]| 3418 | 4,578.078 || 30 24 5,385.974|| 4032 | 9,575.065 
39X15 | 4,376.104|] 35X18 | 4,712.727 || 3224 5,745 .039)}| 4232 | 10,053.818 
40X15 | 4,488.312]| 36X18 | 4,847.377 || 34x24 6,104.104|| 4432 | 10,532.571 
41X15 | 4,600.519}]| 19X19 | 2,700.467 || 36x24 6,463.169]| 46X32 | 11,011.325 
4215 | 4,712.727|| 2019 | 2,842.597 || 38x 24 6,822.234]| 48X32 | 11,490.078 
43X15 | 4,824.935]| 2119 | 2,984.727 || 40x 24 7,181.299]| 50X32 | 11,968.831 
44X15 | 4,937.143]| 2219 | 3,126.857 || 42x24 7,540.364/| 5232 | 12,447,584 
45X15 | 5,049.351|] 23x19 | 3,268.987 || 44x24 7,899 .429|| 5432 | 12,926.338 
16X16 | 1,915.013]| 2419 | 3,411.117 || 46x 24 8,258 .493)]| 56X32 | 13,405.091 
17X16 | 2,034.701|| 25X19 | 3,553.247 || 48x 24 8,617.558]| 5832 | 13,883.844 
18X16 | 2,154.390]| 2619 | 3,695.377 || 2626 5,056.831]| 60X32 | 14,362.597 
19X16 | 2,274.078]| 27X19 | 3,837.506 || 28x 26 5,445.818]| 6232 | 14,841.351 
20X16 | 2,393.766|]| 2819 | 3,979.636 || 30X26 5,834.805|| 6432 | 15,320.104 
21X16 | 2,513.454|| 2919 | 4,121.766 || 32x26 6,223.792|| 34x34 8,647.480 
22X16 | 2,633.143]| 3019 | 4,263.896 || 34x26 6,612.779|| 36X34 9,156.156 
23X16 | 2,752.831]| 31X19 | 4,406.026 || 36X26 7,001.766|| 3834 9,664.831 
24X16 | 2,872.519|| 3219 | 4,548.156 || 38X26 7,390.753|| 40X34 | 10,173.506 
25X16 | 2,992.208]| 3319 | 4,690.286 || 40X26 | 7,779.740|| 42x34 | 10,682.182 
26X16 | 3,111.896]} 3419 | 4,832.416 || 42x26 | 8,168.727|| 44x34 | 11,190.857 
27X16 | 3,231.584|| 35X19 | 4,974.545 || 44K 26 | 8,557.714!| 46X34 | 11,699.532 
28X16 | 3,351.273|| 3619 | 5,116.675 || 46X26 | 8,946.701|| 48X34 | 12,208.208 
29X16 | 3,470.961|| 37X19 | 5,258.805 |} 48X26 | 9,835.688)| 5034 | 12,716.883 
30X16 | 3,590.649]| 38X19 | 5,400.935 || 50X26 | 9,724.675)| 52X34 | 13,225.558 
31X16 | 3,710.338]| 2020 | 2,992.208 || 52 26 DD Lae gee 54X34 | 13,734.234 
a 
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GALLONS AND CuBIC FEET 


peek Gallons See Gallons ane Gallons 
Ot ORY AS 50 374.0 9,000 67,324.6 
0.2 1.50 60 448.8 10,000 74,805 .2 
0.3 2.24 70 523.6 20,000 149,610.4 
0.4 2.99 80 598.4 30,000 224,415.6 
0.5 3.74 90 673.2 40,000 299, 220.7 
0.6 4.49 100 748.0 50,000 374,025 .9 
0:..7 5.24 200 1,496.1 60,000 448, 831.1 
0.8 5.98 300 2,244.1 70,000 523,636 .3 
0.9 6.73 400 2,992.2 80,000 598,441 .5 
1.0 7.48 500 3,740.2 90,000 673,246 .7 
200) 14.9 600 4,488.3 100,060 748,051 .9 
3.0 22.4 700 5,236.3 200,000 1,496,103 .8 
4.0 29.9 800 5,984.4 300,000 2,244,155.7 
5.0 37.4 900 6,732.4 400,000 2,992,207 .6 
6.0 44.9 1,000 7,480.0 500,000 3,740,259 .5 
7.0 52.4 2,000 14,961 .0 600,000 4,488,311.4 
8.0 59.8 3,000 22,441.5 700,000 5,236,363 .3 
9.0 67.3 4,000 29,922 .0 800,000 5,984,415.2 
10.0 74.8 5,000 37,402 .6 900,000 6,732,467 .1 
20.0 149.6 6,000 44,883 .1 1,000,000 7,480,519 .0 
30.0 224.4 7,000 52,363 .6 
40.0 299.2 8,000 59,844 .1 


From the above any cubic feet reading can readily be converted into 
U.S. gallons, as follows: 
How many gallons are represented by 53,928 cu. ft.? 


50,000 cu. ft. = 374,025.9 gal. 
3,000 cu. ft. = 22,441.5 gal. 


900 cu: it. = ~ 6;732.4 gall 
20: cus it. = 149.6 gal. 
Ss cu: ft. = 59.8 gal. 


53,928 cu. ft. = 403,409.2 gal. 
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Cusic Freer WATER Cost aT 1,000 Gan. Rats 


umber Cost per 1,000 gallons 
of 
cubic 5 6 8 10 15 20 25 30 
feet Cents | Cents | Cents | Cents Cents Cents Cents Cents 
20 | $0.007| $0.009| $0.012) $0.015 $0.021 $0.030 $0.037 $0.045 
40 0.015) 0:018) 0.024) 0.030 0.045 0.060 0.075 0.090 © 
60 0.022} 0.027) 0.036) 0.045 0.066 0.090 0.112 0.135 
80 0.030} 0.036) 0.048) 0.060 0.090 0.120 0.150 0.180 
100 0.037} 0.049} 0.060) 0.075 0.111 0.150 0.187 0.224 
200 0.075} 0.090) 0.120) 0.150 0.225 0.299 0.374 0.449 
300 0.112} 0.135) 0.180) 0.224 0.336 0.449 0.561 0.673 
400 0.150} 0.180} 0.239) 0.299 0.450 0.598 0.748 0.898 
500 0.188) 0.224) 0.299) 0.374 0.564 0.748 0.935 1.122 
600 0.224) 0.269) 0.359} 0.449 0.448 0.898 L122 1.346 
700 0.262} 0.314} 0.419} 0.524 0.786 1.047 1.309 L571 
800 0.299} 0.350) 0.479) 0.598 0.897 1.197 1.496 1.795 
900 0.337) 0.404) 0.539) 0.673 1.011 1.346 1.683 2.020 
1,000 0.374| 0.449] 0.598} 0.748 1.122 1.496 1.870) 2.244 
2,000 0.748} 0.898} 1.197) 1.496 2.244 2.992 3.740 4.488 
3,000 1,122} 1.346) 1.795) 2.244 3.366 4.488 5.610 6.732 
4,000 1.496] 1.795) 2.393] 2.992 4.488 5.984 7.480 8.976 
5,000 1.870} 2.244) 2.992) 3.740 5.610 7.480 9.350 11;5220 
6,000 2.244) 2.692) 3.590) 4.488 6.732 8.976 11.220 13.464 
7,000 2.618] 3.141) 4.189) 5.236 7.854 10.472 13.090) 15.708 
8,000 2.992) 3.590] 4.787) 5.984 8.976 11.968 14.961 17.953 
9,000 3.366] 4.039] 5.385) 6.732 10.098 13.464 16.831 20.197 
10,000 3.74 4.488] 5.984) 7.480 17.122 14.961 18.701 22.441 
20,000 7.48 8.976; 11.968} 14.961 22.443 29.992 37.402 44.882 
30,000 | 11.22 | 13.46 | 17.95 | 22.44 33.664 44.88 56.10 67.32 
40,000 | 14.96 | 17.95 | 23.94 | 29.92 44.885 59.84 74.10 89.77 
50,000 | 18.70 | 22.44 | 29.92 | 37.40 56.103 74.80 93.50 112.20 
60,000 | 22.44 | 26.92 | 35.90 | 44.88 67.323 89.76 112.20 134.64 
70,000 | 26.18 | 31.41 | 41.89 | 52.36 78.543) 104.72 130.90 157.08 
80,000 | 29.92 | 35.90 | 47.87 | 59.84 89.766} 119.68 149.61 179.53 
90,000 | 33.66 | 40.39 | 53.85 | 67.32 100.986) 134.64 168.31 201.97 
100,000 | 37.40 | 44.88 | 59.84 | 74.80 Ti1e22 149.61 187.01 224.41 
200,000 | 74.81 | 89.76 |119.68 |149.61 224.43 299. 22 374.02 448 .82 
300,000 |112.20 |134.64 |179.53 |224.41 336. 64 448 .83 561.03 673.24 
400,000 |149.61 |179.53 |239.37 |299.22 448.85 598.44 748.05 897.66 
500,000 |187.01 |224.41 [299.22 |374.02 561.03 748.05 935.06 | 1,122.07 
600,000 |224.41 |269.29 [359.06 |448.83 673.23 897.66 | 1,122.07 | 1,346.49 
700,000 |261.81 |314.18 |418.90 |523.63 785.43 | 1,047.27 | 1,309.08 | 1,570.88 
800,000 |299. 22 |359.06 [478.75 [598.44 897.66 | 1,196.88 | 1,496.10 |} 1,795.32 
900,000 |336.62 |403.94 |538.59 |673.24 | 1,009.86 | 1,346.49 | 1,683.11 | 2,019.73 
1,000,000 |374.02 |448.83 |598.44 |748.05 | 1,122.06 | 1,498.10 | 1,870.12 | 2,244.15 
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Gallons discharged per hour through various sized orifices under stated 


pressures 
Sg 
EI Diameters of orifices in inches and fractions of an inch 
‘SI n 5 ° 
- Lo} nD 5 
= % 3 g = 4 3 vA 5Z 3 4 
2) S8F| 14 | 96 | oe | 6 | 3H | 1 | 1M | we | 1% | 2 
20 8.66 300} 720] 1,260) 1,920) 2,760) 4,920) 7,380) 11,100) 15,120) 19,740 
40 17.32 450| 960) 1,800} 2,760) 3,960} 6,720] 10,920} 15,720| 21,360) 27,960 
60 25.99 540| 1,200] 2,160} 3,480} 4,800) 8,580) 13,380] 19,200] 26,220] 34,260 
80 34.65 620) 1,380] 2,460] 3,840} 5,580} 9,840} 15,480) 22,260! 30,300] 39,540 
100 43.31 690} 1,560] 2,760] 4,320} 6,240} 11,040] 17,280] 24,900] 33,900] 44,280 
120 51.98 780} 1,780] 3,000} 4,740} 6,840) 12,120) 18,960] 27,240) 37,400] 48,480 
140 60.64 816} 1,860] 3,300] 5,100) 7,320} 13,020) 20,160] 29,460] 39,080] 52,320 
150 64.97 840] 1,920] 3,420] 5,280] 7,620] 13,560) 21,180) 30,480) 41,460) 54,120 
175 75.80 900] 2,040} 3,660} 5,700) 8,220) 14,640) 22,800] 32,880} 44,940/ 58,560 
200 86.63 960] 2,220] 3,900] 6,120] 8,760) 15,600) 25,020) 35,880| 47,880] 62,580 
235 101.79 | 1,080) 2,460} 4,320| 8,280) 11,160} 17,100} 26,760} 38,520) 52,260) 68,460 


The pressure or head of water is taken at the orifice, no allowance being made for 


friction in the pipe. 


In practical calculations to determine the height which water 


can be thrown, the head consumed by the friction of the water in flowing from the 
source to the orifice must be considered. 
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(From Trautwine) 
Of 231 cu. in. (or 7.4805 gal. to a cubic foot); and for 1 ft. of length of 


ContTENTS OF Pipes AND TANKS 


take quantity opposite one-half said diameter, and multiply it by 4. 
the number of cubic feet in 1 ft. length of a pipe 80 in. in diameter is equal to 
8.728 X 4 = 34.912 cu. ft. 


4 For 1 ft. in 4 
6 g length 3 q 
q o q © 
ont ao) Aas a | se 
| | “oO ) & a a 
|e 1e8e| = Tel os 
) Rio oko SG 2 26 
rs) > a ll ae oo 
8 aa [eee 85 || 2] 83 
3 a° |saal ed || & | 8 
A A 6) o 2) || fe) 
\% 0.0208|0.0003/0. 0026 34/0.5625 
5-16 |0.0260|0.0005|0.0040|| 7 |0.5833 
36 0.0313)0.0008/0.0057 44|0.6042 
7-16 |0.0365|0.0010|0.0078]| 44|0.6250 
% 0.0417/0.0014/0.0102 34/0. 6458 
9-16 |0.0469|0.0017|0.0129|| 8 |0.6667 
5g 0.0521)0.0021/0.0159 44|0.6875 
11-16 |0.0573/0.0026/0.0193 144|0.7083 
3% 0.0625|0. 0031|0. 0230 84/0. 7292 
13-16 |0.0677/0.0031|0.0270}| 9 |0.7500 
% 0.0729/0. 0042/0. 0312 144|0.7708 
15-16 |0.0781|0.9048}0.0359]| 14/0.7917 
1 0.0833/0.0055)|0. 0408 34|0.8125 
y% 0.1042|0.0085/0.0638)|10 |0.8333 
yy 0.1250/0.0123/0.0918 144|0.8542 
4 0. 1458/0. 0168/0.1250 14/0.8750 
2 0.1667|0.0218/0. 1632 34|0.8958 
V4 0.1875|0.0276|0. 2066/|11. |0.9167 
A 0. 2083/0. 0341/0. 2550 Y{|0.9375 
3% 0. 2292/0.0413)0. 3085 14|0.9583 
3 0. 2500/0. 0491/0. 3673 3410.9792 
44 0.2708|0.0576|0.4310/|12 |1 Ft. 
4% 0.2917|0.0668/0. 4998 44/1.042 
34 0.3125/0.0767/0.5738/|13 |1.083 
4 0.3333/0.0873/0.6528 144|1.125 
y% 0.3542/0.0985|0.7370/\14 {1.167 
Wy 0.3750/0.1105|0. 8263 144\1.208 
4% 0.3958)0.1231)0.9205/|15 {1.250 
5 0.4167/0.1364|1.020 46}1.292 
y% 0.4375/0.1503)1.124 ||16 |1.333 
“ 0.4583)0. 1650/1. 234 146|1.375 
4% 0.4792/0.1803|1.349 ||17 |1.417 
6 0.5000/0. 1963)1.469 14|1.458 
BA 0.5208/0.2130)1.594 |/18 |1.500 
44 =|0.5417/0. 2305/1. 724 4g/1.542 


So also with gallons and areas. 


For the contents for a greater diameter than any in the table 
Thus, 


For 1 ft. in rs a For 1 ft. in 
length 2 q length 
g|3 
Ay 0 oa o Ax 0 

sad| a 6 | Be | a3| oS 
Pes Sow Wes ils o.| one Nene 
Sate || feutst heel erseenll Pek eal ct 
SOLO Sal eOun FSP te ieee | Ss 
Sag a2 || 8 | as) S48] sé 
oO .) fey || fe) 2) oO 
0.2485] 1.859|/19 |1.583/ 1.969] 14.73 
0.2673] 1.999|| 14/1.625] 2.074] 15.52 
0.2868] 2.144)/20 |1.666] 2.182) 16.32 
0:3068| 2.295|| 14/1.708] 3.292] 17.15 
0.3275| 2.450|//21 1.750] 2.405] 17.99 
0.3490] 2.611|| 34]1.792] 2.521] 18.86 
0.3713] 2.777||22 |1.833] 2.640) 19.75 
0.3940] 2.948]| 14]1.875| 2.761] 20.65 
0.4175) 3.125]//23 |1.917| 2.885] 22.58 
0.4418] 3.305]} 44/1.958] 3.012] 31.53 
0.4668] 3.492|/24 |/2.000] 3.142] 23.50 
0.4923] 3.682||25 |2.083] 3.409] 25.50 
0.5185] 3.879]|26 |2.166] 3.687| 27.58 
0.5455) 4.081||27 |2.250) 3.976] 29.74 
0.5730] 4.286]/28 |2.333| 4.276] 31.99 
0.6013) 4.498]/29 |2.416] 4.587] 34.31 
0.6303] 4.714|/30 |2.500| 4.909] 36.72 
0.6600] 4.937|/31 |2.583] 5.241) 39.21 
0.6903] 5.163]/32 |2.666| 5.585) 41.78 
0.7213] 5.39583 |2.750| 5.940) 44.43 
0.7530] 5.633||34 |2.833] 6.305] 47.17 
0.7854| 5.876||35 |2.916| 6.681) 49.98 
0.8523] 6.375||36 |3.000] 7.069] 52.88 
0.9218) 6.895|/37 |3.083] 7.468] 55.86 
0.9940] 7.435||38 |3.166| 7.876] 58.92 
1.069 | 7.997||39 |3.250] 8.296] 62.06 
1.147 | 8.578])|/40 |3.333] 8.728] 65.29 
1.227 | 9.180||41 |3.416] 9.168] 65.58 
1.310 | 9.801//42 |3.500] 9.620] 71.96 
1.396 |10.44 |/43 |3.583/10.084] 75.43 
1.485 |11.11 |/44 |3.666/10.560] 79.00 
1.576 |11.79 ||45 |8.750|11.044| 82.62 
1.670 |12.50 |/46 |3.833/11.540] 86.32 
1.767 |13.22 ||47 |3.916|12.048) 90.12 
1.867 |13.97 ||48 |4.000/12.566] 94.02 
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Capacity oF SQUARE CISTERNS IN U. S. GALLONS 


Feet |5X5|5X6|5X7|5X8|5X9/5X10| 6X6| 6X7| 6X8/| 6X9 |6X10 


935] 1,122] 1,309] 1,496} 1,683] 1,870) 1,346] 1,571] 1,795} 2,020) 2,244 
1,028] 1,234] 1,440) 1,645] 1,851] 2,057] 1,481) 1,728) 1,975} 2,221) 2,469 
1,122] 1,346] 1,571) 1,795] 2,019! 2,244] 1,615) 1,885] 2,154) 2,423) 2,693 
1,215] 1,459] 1,702) 1,945] 2,188] 2,431] 1,750) 2,042) 2,334) 2,625) 2,917 
1,309] 1,571] 1,833) 2,094! 2,356} 2,618) 1,884] 2,199) 2,513] 2,827] 3,142 
1,403] 1,683] 1,963) 2,244] 2,524! 2,800) 2,019) 2,356) 2,693] 3,029) 3,366 
1,496) 1,795} 2,094| 2,393) 2,693} 2,992) 2,154| 2,513) 2,872) 3,231] 3,592 
1,589] 1,907] 2,225) 2,543) 2,861] 3,179] 2,288] 2,670) 3,052) 3,433) 3,816 
1,683) 2,020) 2,356) 2,693) 3,029] 3,366) 2,423] 2,827) 3,231) 3,635) 4,041 
1,776) 2,132] 2,487) 2,842] 3,197| 3,553] 2,558] 2,984) 3,412) 3,837) 4,265 
1,870} 2,244] 2,618] 2,992) 3,366] 3,470) 2,692] 3,142) 3,591] 4,039] 4,489 


Rear 
ndo\ 


xX 


Xx 


iN 


SHO MWAOANNWAAAH 
Ne Ne 
iw) 


= 


6 X11\6 X12) 7X7) 7X8| 7X9 \7 X10/7 X11/7 X12|} 8X8) 8x9 


5 * | 2,468) 2,693] 1,832) 2,094) 2,356) 2,618) 2,880) 3,142) 2,394) 2,693 
514 | 2,715) 2,962] 2,016] 2,304| 2,592] 2,880] 3,168) 3,456] 2,633] 2,962 
6 2,962) 3,231} 2,199) 2,513) 2,827) 3,142) 3,456) 3,770) 2,872) 3,231 
614 | 3,209] 3,500} 2,382} 2,722) 3,063) 3,403) 3,744) 4,084) 3,112] 3,500 
7 3,455} 3,770] 2,565) 2,932) 3,298] 3,665] 4,032] 4,398] 3,351] 3,770 
714 | 3,702! 4,039] 2,748] 3,141) 3,534) 3,927] 4,320) 4,712) 3,590] 4,039 
8 3,949] 4,308] 2,932) 3,351) 3,770} 4,189] 4,608} 5,026] 3,830] 4,308 
814 | 4,196) 4,577] 3,115] 3,560} 4,005] 4,451) 4,896) 5,340} 4,069] 4,578 
9 4,443] 4,847) 3,298) 3,769) 4,341| 4,712) 5,184] 5,655) 4,308] 4,847 
914 | 4,689] 5,116] 3,481] 3,979] 4,576] 4,974] 5,472] 5,969] 4,548] 5,116 
10 4,936] 5,386 3,664) 4,188] 4,712] 5,236) 5,760| 6,283) 4,788] 5,386 


WEIGHT oF WATER 


META tas 0 bene Hae ae ncn a ai ST ae 0.03617 lb. 
TO CUS MNS peste con tere tote eter leet aca 0.484 Ib. 
cOuscita (SAG) eer hevatve econ oe ener Rm 64.3 lb. 
Ctiset tp (IEOSH) econ Sickns ea ee eee 62.425 |b. 
ei Ciepeit ts weet eR Rr oe ae eee 7.48 U.S. gal. 


Notre.—The center of pressure of a body of water is at two-thirds the 
depth from the surface. 

To find the pressure in pounds per square inch of a column of water, mul- 
tiply the height of the column in feet by 0.434. Every foot elevation is called 
(approximately) equal to 14-lb. pressure per square inch. 
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Pressure OF Water Due To Heraur 
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® o o o a Oo 4 o >) 
Se elie dle) se ich ea ateeeall ol oe | ale a 
e 1 esi el ee ll 8| es | Soll Seis sl ae il Sl a 
sae PsA tee DSi a Uae fac et le t= | Wf il ec | cl 
BS) 2a 8) 25 8) 48 8) esi sl agi 8] 22] sl a2 
o Ss 3 A Sa © eg 2 [0 eB 2 2 Ba so a A 
Se eee gee al oe itl ac 8 | ede eS wh eee 
|; aa a a QA a Qo aA a A 
i 0.43 15; 6.49]| 30} 12.99)| 45) 19.49]) 60) 25.99]| 75] 32.48)| 90; 38.98. 
5 2.16 20) 8.66]| 35) 15.16]} 50} 21.65]| 65) 28.15]] 80) 34.65}| 95) 41.15 
10 4.33 25) 10.82!| 40! 17.32]! 55} 23.82'| 70) 30.32'| 85) 36.82)/!100| 43.31 
StoreD ENERGY or STEAM BOILERS 
Grate | Heating| Steam Energy in foot-pounds stored in the 
surface, | surface, | pres- Rated | 
horse- 
square | square | sure, 
feet feet pounds oN Water Steam Total 
15 120 100 10 46,605, 200 676,698 47,281,898 
15 875 125 425 64,253,160 | 1,302,431 65,555,591 
20 400 150 35 80,572,050 | 2,377,357 82,949,407 
20 1,200 125 600 64,452,270 | 1,766,447 66,218,718 
22 1,070 125 525 52,561,075 | 1,483,896 54,044,971 
30 852 75 60 50,008,790 | 1,022,731 51,031,521 
30 1,350 125 650 69,148,790 | 2,135,802 71,284,592 
32 768 ae 300 71,272,370,| 1,462,430 72,734,800 
36 730 30 60 57,570,750 709,310 58,260,060 
50 1,119 75 350 107,408,340 | 2,316,392 | 109,724,732 
70 2,806 100 250 172,455,270 | 2,108,110 | 174,563,380 
72 1,755 30 180 102,628,410 | 1,643,854 | 104,272,264 
72 2,324 30 200 90,531,490 | 1,570,517 92,101,987 
100 3,000 100 250 227,366,000 | 3,513,830 | 230,879,830 
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Heating Surrace or H. T. Borers 


Diameter of boiler in| 24 | 30 | 32 | 34 | 36 | 38 | 40 | 42 | 44 | 48° 
Thayel of2 eh oeeb a orice eee 
Two-thirds heating sur- 
face of shell per foot |4.19)5.24/5.57/5.93/6.28/6.63/6.98|7.73|7 6818.38 
oflengthacsmerc ens 
Diameter of tube or flue LZ 
L 6 
AM INCHES aos ssie ne. 2/272] 8 1374) 4 | 472) 5 i sf 
Whole external heating 
surface per foot length | .524| .655] .785) .916)1.05]}1.18)1.31}1.57)1.83)2.09 
50 | 52) 54 | 56 | 58 60 62 64 66 68 70 72 
8.73 |9.08/9 .42)9.77|10.12)10.47|10.82) 11.17) 11.52} 11.87| 12.22) 12.57 
OP OST ee | es 14 15 16 17 18 19 20 
2.36 |2.62)/2.88/3.14| 3.40) 3.66) 3.93) 4.19 | 4.45 | 4.71 | 4.96 | 5.24 
Brick REQUIRED FOR SETTING BOILERS 
& ce AY Leap 3 coil eas 
% gre | ag Maa ee | rd | ee Oe ee ieee 
evel ee lele al Sian lee 
ow mo} D Had oS a2 So pte Ger MS 
© ee ® hye 1 a) Bone aio sas 
‘a5 m hy rN 8 g © @®oo “4 38 
a a g Ra PH 2 “a ALO & . zB 
12" K22' 18 10,500 2,500 18 88 8 9 
727X207 18 10,000 2,300 18 80 8 8 
127 X18" 18 9,500 2,200 17 72 if 8 
60” X 20’ 18 9,500 2,200 17 80 iC 8 
60” x 18’ 18 9,000 2,000 16 72 7 8 
54"" X20’ 18 8,700 1,900 15 80 6 8 
54” X18’ 18 8,000 1,800 15 72 6 8 
54” X16’ 18 7,500 1,700 14 64 6 7 
48” x18’ 18 7,500 1,600 14 42 6 7 
48” < 16’ 18 7,200 1,500 14 64 5 ai 
42”"X 18’ 18 7,000 1,400 12 72 5 76 
42” X16’ 18 6,500 1,300 is 64 4 qi 


If 13” wall 14 less on red brick. 
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For Water Pressures not Exceeding 150 Lb. 
Speed from 50 to 100 Ft. per Minute 
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by 
e 2 0) a 8 5 3 aS 
8 E “4 sa nos Pa & 
wm [o) y+ O od eee. Q HO 
oe oe tel spies 4OoOgon Hee 
oe 6 Z on8 cpa, ae Ee 
Bs Bg “3 fae | £538 SEER 
ne oe a Sao ne Ow ZG Oa 3 
a4 ga . AS s ee aed 2, ass 
a > ES a se bs RASS aseee 
rate Aa io A ws Raa a aaa 
3 2 3 0.04 100 to 250 SOMO 
44 234 4 0.10 100 to 200 20to 40 
54% 316 5 0.20 100 to 200 40 to 80 
6 4 6 0.33 100 to 150 70 to 100 
76 416 6 0.42 100 to 150 85 to 125 
7% 5 6 0.51 100 to 150 100 to 150 
Ths 46 10 0.69 75 to 125 100 to 170 
9 5% 10 0.93 75 to 125 135 to 230 
10 6 10 122 75 to 125 180 to 300 
10 7 10 1.66 75 to 125 245 to 410 
12 7 10 1.66 75 to 125 245 to 410 
14 i 10 1.66 75 to 125 245 to 410 
12 slg 10 2.45 75 to 125 365 to 610 
14 8lg 10 2.45 75.to 125 365 to 610 
16 8g 10 2.45 75 to 125 365 to 610 
1844 slg 10 2745 75 to 125 365 to 610 
20 8g 10 2.45 75 to 125 365 to 610 
12 10144 10 3.57 75 to 125 530 to 890 
14 10% 10 3.57 75 to 125 530 to 890 
16 10% 10 3.57 75 to 125 530 to 890 
18% 104% 10 $e SY/ 75 to 125 530 to 890 
20 104% 10 3.57 75 to 125 530 to 890 
14 12 10 4.89 75 to 125 730 to 1,220 
16 123 10 4.89 75 to 125 730 to 1,220 
1814 12 10 4.89 75 to 125 730 to 1,220 
20 12 10 4.89 75 to 125 730 to 1,220 
184 14 10 6.66 75 to 125 990 to 1,660 
20 14 10 6.66 75 to 125 990 to 1,660 
17 10 15 5.10 50 to 100 510 to 1,020 
20 12 15 Wat 50 to 100 730 to 1,460 
20 15 15 11.47 50 to 100 1,145 to 2,290 
25 15 15 ith oelvé 50 to 100 1,145 to 2,290 
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TANK or Liaut Service Pumps 


These pumps are principally used at railroad water stations, gas and 
oil works, bleacheries, tanneries, refineries, plantations, distilleries, etc. A 
variety of valves are used adapted for pumping hot, cold, thick, thin, alkaline 
or other liquids. 

For quarries and clay pits, also for coffer dams, tunnels, foundation pits, 
ore beds, sewerage and irrigating purposes, these pumps are especially 
adapted, having large water passages and valve openings. 


Sizes and Capacities 


a iB n > > 
o 2 5 5 

a |e |4 8 s |e 12 |3 Fl 

> > A a Capacity per minute |. ie a, x ecu ae 
Sac ost al ¢ Q © at ordinary speed ei a| anal anal ke ibe , 
a2 /5s/2| 64 a2) aa|sa| >a reese 

Ge oe} se ° Sg i o| ae1ee (me 

» A a SB Co oa “xa 38 om 

nn = a= a O Phe ica) 4 MD Q: 

344 | 334] 4] 0.15) 125 strokes, 18 gal. 46 34| 134) 144; 28 X10 

4 4 5) 0.27] 125 strokes, 33 gal. 146 Al PAS 144} 34 X11 

5 4 7| 0.39] 125 strokes, 49 gal. 34; 1 244) 2 44 X12 
5% 544; 7| 0.72) 125 strokes, 90 gal. 4%; 61 35 2144; 44 X13 
6 544| 7| 0.72] 125 strokes, 90 gal. 34; 1 R 214; 44 X13% 
6 6 12} 1.47] 100 strokes, 147 gal. 34; 1 4 4 6634 X19 

6 7 | 12} 2.00} 100 strokes, 200 gal. | 34) 1 5 5 6634 X19 
744| 7 | 10) 1.66) 100 strokes, 166 gal. | 1 14) 5 5 5632 X19 
734 | 734| 10] 1.91] 100 strokes, 191 gal. | 1 RAL G 5 5644 X19 

8 6 12} 1.47] 100 strokes, 147 gal. | 1 14%| 4 4 6634 X19 

8 Gi 12| 2.00] 100 strokes, 200 gal. | 1 1%! 5 5 6634 X19 

8 8 12} 2.61] 100 strokes, 261 gal. | 1 144) 5 5 6634 X 20 

8 9 12} 3.30] 100 strokes, 330 gal. | 1 14%} 6 6 6634 X21 
8 10 12} 4.08} 100 strokes, 408 gal. |} 1 14} 6 6 6634 X 2144 
10 10 12| 4.08] 100 strokes, 408 gal. | 144; 1%] 6 6 66% X 2143 
10 10 16] 5.44] 75 strokes, 408 gal. | 144| 134] 6 6 7845 X21 
10 12 12| 5.87] 100 strokes, 587 gal. | 114] 114] 8 6 66%4 XK 2334 
10 12 16| 7.83] 75 strokes, 587 gal. | 144/ 134] 8 6 7846 XK 2334 
ify 10 12) 4.08] 100 strokes, 408 gal. | 2 246] 6 6 6634 2148 
12 | 10 | 16 5.44] 75 strokes, 408 gal.|2 | 2341 6 | 6 | 7842134 
12 12 12} 5.87} 100 strokes, 587 gal. | 2 214] 8 6 6634 X 2334 
12 12 16| 7.83] 75 strokes, 587 gal. | 2 216] 8 6 7844 X 2334 
14 12 12) 5.87| 100 strokes, 587 gal. | 2 216; 8 6 6634 X 2334 
14 12 16| 7.83) 75 strokes, 587 gal. | 2 244| 8 6 7816 X 2334 
14 14 16| 10.66] 75 strokes, 800 gal. | 2 214| 10 8 7844 X27 
14 14 24| 16.00] 50 strokes, 800 gal. | 214] 3 10 8 108 X27 
14 16 16| 14.92] 75 strokes, 1,020 gal. | 244] 3 12 10 80 X354% 
14 16 24) 20.88] 50 strokes, 1,044 gal. | 244] 3 12 10 108 35% 
16 14 16| 10.66} 75 strokes, 800 gal. | 244) 3 10 8 7844 X27 
16 14 24| 16.00} 50 strokes, 800 gal. | 244) 3 10 8 x2 

16 16 16] 14.92} 75 strokes, 1,020 gal. | 244) 3 12 10 80 X3544 
16 16 24] 20.88] 50 strokes, 1,044 gal. | 214) 3 12 10 108 X35 
16 18 24| 26.44! 50 strokes, 1,322 gal. | 2144] 3 12 10 108 X38 
16 20 24) 32.64] 50 strokes, 1,632 gal. | 214) 3 14 12 108 x40 
18 16 24] 20.88} 50 strokes, 1,044 gal. | 344} 4 12 10 110 X353¢ 
18 18 24| 26.44! 50 strokes, 1,322 gal. | 344) 4 12 10 110 X38 
18 20 24] 32.64] 50 strokes, 1,632 gal. | 314} 4 14 12 110 x40 
18 22 24) 39.50} 50 strokes, 1,975 gal. | 344) 4 14 14 110) <42 
20 18 24! 26.44) 50 strokes, 1,322 gal. | 314] 4 12 10 118 X38 
20 20 24) 52.64) 50 strokes, 1,622 gal. | 3144} 4 14 12 118 x40 
20 22 24! 39.50} 50 strokes, 1,975 gal. | 344] 4 14 14 118 X42 
20 24 24| 47.00] 50 strokes, 2,350 gal. | 344] 4 16 16 118 x44 


HANDY REFERENCE TABLES 1063 


Borter FrED or PRESSURE Pumps 


Salas ; a a ars 
n St = 
Bla pal bie 12412 | se | ses 
BS] io} iS) o A c fom 6, Aa a og as 
= > ai) a Capacity per minute cm, a se Boos 
° rm eee | en at ordinary speed ge) a2zlag Pn el ea 
8 82/2| 64 Bal ealecdted|--me | oo & 
8 gseol;ol}ada BO} Go} BO|-n"o o-3 es 
3 ae) sis SAM Al seo 8| Sa | faa 
n ester ala to: aN ea lel figs oS) ca jen) 
243 1144| 3] 0.023| 150 strokes, 314 gal.| 4) 34| | %%!] 17X 5 
3 134| 3} 0.031] 150 strokes, 48% gal.| | 36] 34) 44) 18x 5 
3% 2 4) 0.05 | 150 strokes, 714 gal. | 3%] 1%| 1 26X 6 25 
3% 244| 4! 0.07 | 150 strokes, 10% gal. 4g) 34] 144) 1 23X 7 40 
4 216; 5] 0.11 | 150 strokes, 1634 gal.| 34) 34] 14%) 1 S18 60 
5 344| 7| 0.25 | 125 strokes, 31 gal. 34) 1 2 14g) 44x13 90 
544 334; 7| 0.35 | 125 strokes, 42 gal. 34| 1 2 144| 45x14} 130 
Ul 4 7| 0.39 | 125 strokes, 49 gal. | 1 144| 234) 2 45X14} 160 
7 414| 10] 0.69 | 100 strokes, 69 gal.| 1 | 134] 3 | 2%] 55x16] 200 
74% 5 10} 0.85 | 100 strokes, 85 gal. | 1 114] 3 246) 55X16} 250 
8 5 12| 1.02 | 100 strokes, 102 gal. | 1 144| 4 4 67X19} 300 
10 6 12] 1.47 | 100 strokes, 147 gal. | 144} 134] 4 4 67X19} 400 
12 i 12! 2.00 | 100 strokes, 200 gal. ! 2 216; 5 5 67X20} 600 
14 8 12} 2.61 | 100 strokes, 261 gal. | 2 214! 5 5 67X20 
16 10 16) 5.44 75 strokes, 408 gal. | 244| 3 6 6 80 X 22 
18 12 24/11.75 50 strokes, 588 gal. | 344/ 4 8 6 110X 27 
20 14 24/16.00 50 strokes, 800 gal. | 314/ 4 |10 8 11129 


ee eee 


Loss of Heat from Bare Steam Pipes.—The following table shows 
the loss of heat through naked steam pipes, wrought iron, of standard 
sizes. The best covering for steam pipe is hair felt from 1 to 2 
in. thick, depending on the diameter of the pipe, say 1 in. thick 
for pipe from 1 to 4 in. in diameter, and 2 in. or more for larger pipes. 
Such covering will save at least 96 per cent. Cheaper coverings 
will save from 75 to 90 per cent. The chief value of the table is as 
an aid in estimating the saving that can be made by covering the 
pipe. The money loss by naked pipe being known, the saving can 
be estimated and the cost of the covering will decide its value as 
an investment. 
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Money Loss rrom 100 Fr. or NAKED STEAM PipzE, FOR ONE YEAR OF 3,000 


WorkKING Hours 


Nominal Steam pressures, pounds 
diameter 
of pipe in 
inches 50 60 70 80 90 100 
1 $13.15 $13.70 $14.20 $14.66 $15.08 $15.47 
114 16.58 17.29 17.92 18.49 19.02 19.51 
1% 18.98 19.78 | 20.51 21.17 | 21.77 | 22.33 
2 Donte 24.73 25.63 26.45 PHEAPN | 27.91 
2146 28.72 29.94 31.03 32.03 32.94 33.79 
3 34.97 36.45 37.78 38.99 40.10 41.14 
4 44.96 46.86 48.57 50.13 51.56 52.89 
5 SOO’ 57 .92 60.04 61.96 63.73 65.38 
6 66.27 69.08 71.60 73.89 76.01 77.96 
Pier Mains AND BRANCHES 
Main Branch 
(aesine witkalpplyscr mec lect ara. Oe Oe ee 34 in. 
1 Aein sawil lesup ply 2 atoyadarstte, sooner aha ohare Ant TS ah Se eS eins 
LES RING WALSUpDliycoe pba ct cite eaow anak cnt conser e ceeus aueoed oe wots mete ae eo 14 in 
2 SNe WiLl SUD DEY iron wake cr aoe thn oi eisiads See eae aan oo Ce 114 in. 
216 in. will supply 2 1144 in. and1 1)4in.,, or 1 2 in.and 1 1)% in. 
3 in. will supply 1 2)gin.and1 2 in, or 2 2 in. and 1 1% in. 
314 in. will supply 2 24% in. or 1 3 in,and1 2 in.or 3 2 in. 
4 in. will supply 1 344 in. and1 24in., or 2 3 in. and 4 2° in. 
414 in. will supply 1 3]4in.and1 3 in, or 1 4 in.and 1 2 in. 
5 in. willsupply1 4 in.and1 3 in,or 1 4) in. and 1 234 in. 
Gin. will'supply 2 4 in, and) 13) in. cr 4 3!) im.or 10) 2eane 
i ine willssupply. 1) 6) “anwand 1) 4” Winsor 3° 4) Ins ands eo eine 
Surin ewallisupply-2. 60 ins and lene ins or 8 4 een ance eee ea 
Capacity oF Wroucut Iron PipE 
Inside diameter, inches | 1 | 1)4/ 144] 2 | 24413 | 3%) 4 |5 | 6 
Length of pipe per square 
foot of external surface|2.9 |2.3 |2.0 |1.6 |1.32/1.09/0.95/0.84/0.68/0.57 
Square feet surface per 1 
lineal foot............|0.34)/0.43/0. 50/0. 62/0. 75/0. 92/1 .05)1.18/1.46/1.74 
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EXPANSION OF WroucutT Iron PIPE 
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Temperature 
of air when 
pipe is fitted 


Zero 
32 deg. 
64 deg. 


Length of 
pipe when 
fitted, feet 


Length of pipe when heated to 


215 deg. 265 deg. 297 deg. 338 deg. 
1 

1 = Mb IOS Ge I Iba. | Ati ba 

LOOR 2100S? 2a OOL2 SI LOOR2e70 

100 1.47 | 100 1.78 | 100 2.12 | 100 2.45 

100) 1.24 100 1.61 100 1.87 | 100 2.19 


hydraulic pressure. 


Wroucut Iron WELDED PIPE 
Dimensions, Weights, etc., of Standard Sizes 


1 in. and below are butt-welded, and tested to 300 lb. per square inch 


1% in. and above are lap-welded, and tested to 500 lb. per square inch 


hydraulic pressure. 


Pee eee | ga) aia |S 1S 
of Ho print o = By H 
Bo | sa\52 1588 | # -| 28>) se, [ke (ES [28 [os 
oA of | ok Mm} ees ahs AS 4 2 | BO Yan Qe, 
o. |S ./8e3/S55e| a8 | 88 | B49 |aeel(sse/ ss | ae os 
SS | Sei sss1hnod| 6s | Sa | was | go2| (eel eas] Beek 
a2 | so\neel|ssse| 28 | ee | 888 | Se8) o88| S88| Fess 
5 6° ly 4 RSS EOI cS} 5 S Z, Sy wre esl 
1g | 0.40] 1.272} 9.44 0.012} 0.129] 2,500.0 0.24) 27 0.0006) 0.005 
1Z | 0.54] 1.696] 7.075 | 0.049] 0.229} 1,385.0 0.42) 18 0.0026} 0.021 
8 | 0.67| 2.121] 5.657 | 0.110) 0.358) 751.5 0.56} 18 0.0057| 0.047 
4 | 0.84) 2.652) 4.502 | 0.196) 0.554) 472.4 0.84] 14 0.0102} 0.085 
34 1.05] 3.299} 3.637 | 0.441] 0.866} 270.0 nay A ak 0.0230! 0.190 
1 1.31] 4.1384) 2.903 | 0.785) 1.357] 166.9 1.67] 1144 |0.0408) 0.349 
144 | 1.66) 5.215) 2.301 1.227) 2.164 96.25} 2.25) 1114 |0.0638] 0.527 
1% | 1.9 | 5.969} 2.01 1.767) 2.835 70.65) 2.69] 1144 |0.0918] 0.760 
2 2.37| 7.461 1.611 | 3.141) 4.430 42.36] 3.66) 1114 |0.1632| 1.356 
244 | 2.87) 9.032] 1.328 | 4.908} 6.491 30.11 5.77) 8 07.2550); 22. 116 
3 3.5 |10.996; 1.091 | 7.068] 9.621 19.49} 7.54) 8 0.3673} 3.049 
344 | 4.0 |12.566} 0.955 | 9.621/12.566 14.56} 9.05) 8 0.4998} 4.155 
4 4.5 |14.137| 0.849 |12.566/15.904 if, 3t) 10,72) 8 0.6528} 5.405 
434 | 5.0 |15.708} 0.765 |15.904/19.635 9.03} 12.49) 8 0.8263} 6.851 
5 5.56|17.475| 0.629 }19.635/24.299 7.20) 14.56) 8& 1.020 8.500 
6 6.62/20.813) 0.577 |28.274/34.471 4.98] 18.76) 8 1.469 | 12.312 
if 7.62/23.954| 0.505 |88.484/45.663 §.72! 23.41) 8 1.999 | 16.662 
8 8.62|27.096} 0.444 |50.265/58.426 2.88) 28.34| 8 2.61) (21,760 
9 9.68|30.433} 0.394 |63.617|73.715 2.26) 34.67) 8 3.300 | 27.500 
10 10.75|33.772} 0.355 |78.540/90. 792 1.80} 40.64) 8 4.081 | 34.000 
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PROPERTIES OF SATURATED STEAM 


Pressure Pressure : 
per square above zero, Tempera- Latent Total heat Weight of 
inch, pounds ture, heat, above zero, 1 cu. ft., 
inches of per square deg. Fahr. B.t.u. Fahr., B.t.u. pounds 
mercury inch 
2.04 1 102.00 1,042.96 1,145.05 0.0030 
4.07 2 126.26 1,026.01 1,152.45 0.0058 
6.11 3 141.62 1,015.25 1,157.13 0.0085 
8.14 4 153.07 1,007 . 22 1,160.62 0.0112 
10.18 5 162.23 1,000.72 1,163.44 0.0137 
12.22 6 170.12 995.24 1,165.82 0.0163 
14.25 a 176.91 990.47 1,167.89 0.0189 
16.29 8 182.91 986.24 1,169.72 0.0214 
18.32 9 188.31 982.43 1,171.37 0.0239 
20.36 10 193.24 978.95 1,172.87 0.0264 
22.39 11 197.76 975.76 1,174.25 0.0289 
24.43 12 201.96 972.80 1,175.53 0.0313 
26.46 1183 205.88 970.02 1,176.73 0.0337 
28.51 14 209.56 967.42 1,177.85 0.0362 
Gage pressure 14.7 212.00 965.7 1,178.10 0.0380 
0.3 15 213.02 964.97 1,178.91 0.0387 
1.3 16 216.29 962.65 1,179.90 0.0413 
2.3 17 219.41 960.45 1,180.85 0.0437 
3.3 18 222.37 958.34 1,181.76 0.0462 
4.3 19 225.20 956.34 1,182.61 0.0487 
5.3 20 227.91 954.41 1,183.45 0.0511 
6.3 21 230.51 952.57 1,184.24 0.0530 
7.3 22 233.01 950.79 1,185.00 0.0560 
8.3 23 235.43 949.07 1,185.74 0.0585 
Ses 24 237.75 947.42 1,186.45 0.0610 
10.3 25 240.00 945.82 1,187.13 0.0634 
TSB} 26 242.17 944.27 1,187.80 0.0658 
12.3 27 244.28 942.77 1,188.44 0.0683 
13.3 28 246.32 941.32 1,189.06 0.0707 
14.3 29 248.31 939.90 1,189.67 0.0731 
15.3 30 250.24 938.92 1,190.26 0.0755 
16.3 31 252.12 937.18 1,190.83 0.0779 
17.3 32 253.95 935.88 1,191.39 0.0803 
18.3 33 255.73 934.60 1,191.93 0.0827 
19.3 34 257 .47 933.36 1,192.46 0.0851 
20.3 35 259.17 932.15 1,192.98 0.0875 
21.3 36 260.83 930.96 1,193.49 0.0899 
2283 37 262.00 929.80 1,193.98 0.0922 
23.3 38 264.04 928.67 1,194.47 0.0946 
24.3 39 265.59 927.56 1,194.94 0.0970 
25.3 40 267.12 926.47 1,195.41 0.0994 
26.3 41 268.61 925.40 1,195.86 0.1017 
27.3 42 270.07 924.35 1,196.31 0.1041 
28.3 43 271.50 923.33 1,196.74 0.1064 
29.3 44 272.91 922.32 1,197.17 0.1088 
30.3 45 274.29 921.33 1,197.00 0.1111 
31.3 46 275.65 920.36 1,198.01 0.1134 
32.3 47 276.98 919.40 1,198.42 0.1158 
33.3 48 278.29 918.46 1,198.82 0.1181 
34.3 49 279.58 917.54 1,199.21 0.1204 
35.3 50 280.85 916.63 1,199.60 0.1227 
36.3 51 282.09 915.73 1,199.98 0.1251 
37.3 52 283.32 914.85 1,200.35 0.1274 
38.3 53 284.53 913.98 1,200.72 0.1297 
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PROPERTIES OF SATURATED STEAM—Continued 
RR 


Pressure 
Gage pressure, | above zero, Tempera- Latent Total heat Weight of 
pounds per pounds ture, heat, above zero, 1 cu. ft., 
square inch per. pauate deg. Fahr. B.t.u. Fahr., B.t.u. pounds 
inc 
39.3 54 285.72 913.13 1,201.08 0.1320 
40.3 55 286.89 912.29 1,201.44 0.1343 
41.3 56 288.05 911.46 1,201.79 0.1366 
42.3 57 289.11 910.64 1,202.14 0.1388 
43.3 58 290.31 909.83 1,202.48 0.1411 
44.3 59 291.42 909.03 1,202.82 0.1434 
45.3 60 292.52 908.24 1,203.15 0.1457 
46.3 61 293.59 907.47 1,203.48 0.1479 
47.3 62 294.66 906.70 1,203.81 0.1502 
48.3 63 295.71 905.94 1,204.13 0.1524 
49.3 64 296.75 905.20 1,204.44 0.1547 
50.3 65 297.77 904.46 1,204.76 0.1569 
51.3 66 298.78 903.73 1,205.07 0.1592 
52.3 67 299.78 903.01 1,205.37 0.1614 
53.3 68 300.77 902.29 1,205.67 0.1637 
54.3 69 301.75 901.59 1,205.97 0.1659 
55.3 70 302.71 900.89 1,206.26 0.1681 
56.3 71 303.67 900.21 1,206.56 0.1703 
57.3 72 304.61 899.52 1,206.84 0.1725 
58.3 73 805.55 898.85 1,207.13 0.1748 
59.3 74 306.47 898.18 1,207.41 0.1770 
60.3 75 307.38 897.52 1,207.69 0.1792 
61.3 76 308 . 29 896.87 1,207.96 0.1814 
62.3 77 309.18 896.23 1,208. 24 0.1836 
63.3 78 310.06 895.59 1,208.51 0.1857 
64.3 79 310.94 894.95 1,208.77 0.1879 
65.3 80 311.81 894.33 1,209.04 0.1901 
66.3 81 312.67 893.70 1,209.30 0.1923 
67.3 82 313.52 893.09 1,209.56 0.1945 
68.3 83 314.36 892.48 1,209.82 0.1967 
69.3 84 315.19 891.88 1,210.07 0.1988 
70.3 85 316.02 891.28 1,210.32 0.2010 
Wee 86 316.83 890.69 1,210.57 0.2032 
72.3 87 317.65 890.10 1,210.82 0.2053 
73.3 88 318.45 889.52 1,211.06 0.2075 
74.3 89 319.24 888 .94 1,211.31 0.2097 
75.3 90 320.03 888.37 1,211.55 0.2118 
76.3 91 320.82 887.80 1,211.79 0.2130 
77.3 92 321.59 887 . 24 1,212.02 0.2160 
78.3 93 322.36 886.68 1,212.26 0.2182 
79.3 94 323.12 886.13 1,212.49 0.2204 
80.3 95 323.88 885.58 1,212.72 0.2224 
81.3 96 324.63 885.04 1,212.95 0.2245 
82.3 97 325.37 884.50 1,213.18 0.2266 
83.3 98 326.11 883.97 1,213.40 0.2288 
84.3 99 326.84 883.44 1,213.62 0.2309 
85.3 100 327.57 882.91 1,213.84 0.2330 
86.3 101 328.29 882.39 1,214.06 0.2351 
87.3 102 329.00 881.87 1,214.28 0.2371 
88.3 103 329.71 881.35 1,214.50 0.2392 
89.3 104 330.41 880. 84 1,214.71 0.2413 
90.3 105 331.11 880.34 1,214.92 0.2434 
91.3 106 331.80 879.84 1,215.14 0.2454 
92.3 107 332.49 879.34 1,215.35 0.2475 
93.3 108 333.17 878 . 84 1,215.55 0.2496 
94.3 109 333.85 878.35 1,215.76 0.2516 
95.3 110 334.52 877.86 1,215.97 0.2537 
a 
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PROPERTIES OF SATURATED STEAM—Continued 


Gage Pressure 

pressure, above zero, Tempera- Latent Total heat Weight of 
pounds pounds ture, heat, above zero, 1 cu. ft., 

per square per square deg. Fahr. B.t.u. Fahr., B.t.u. pounds 
inch inch 
96.3 111 335.19 877.37 1,216 517 0.2558 
97.3 112 335.85 876.89 1,216.37 0.2578 
98.3 113 336.51 876.41 1,216.57 0.2599 
99.3 114 337.16 875.94 1,216.77 0.2619 
100.3 115 337.81 875.47 1,216.97 0.2640 
101.3 116 338.45 875.40 ileraleeealig 0.2661 
102.3 117 339.10 874.53 1,217.36 0.2681 
103.3 118 339.73 874.07 1,217.56 0.2702 
104.3 119 340.36 873.61 1,217.75 0.2722 
105.3 120 340.99 973.15 1,217.94 0.2742 
106.3 121 341.61 872.70 1,218.13 0.2762 
107.3 122 342.23 872.25 1,218.32 0.2782 
108.3 123 ( 342.85 871.80 1,218.51 0.2802 
109.3 124 343.46 871.35 1,218.69 0.2822 
110.3 125 344.07 870.91 1,218.88 0.2842 
111.3 126 344.67 870.47 1,219.06 0.2862 
112.3 127 345.27 870.03 1,219.27 0.2882 
113.3 128 345.87 869.59 1,219.43 0.2902 
114.3 129 346.45 869.16 1,219.61 0.2922 
115.3 130 347.05 868.73 1,219.79 0.2942 
116.3 giles? 347.64 868.30 1,219.97 0.2961 
117.3 132 348.22 867.88 1,220.15 0.2981 
118.3 133 348.80 867.46 1,220.32 0.3001 
119.3 134 349.38 867.03 1,220.50 0.3020 
120.3 135 349.95 866.62 1,220.67 0.3040 
121.3 136 350.52 866.20 1,220.85 0.3060 
122.3 137 351.08 866.79 1,221.02 0.3079 
123.3 138 351.75 865.38 1,221.19 0.3099 
124.3 139 352.21 864.97 1,221.36 0.3118 
125.3 140: 352.76 864.56 1722153 0.3138 
126.3 141 353.31 864.16 1,221.70 0.3158 
127.3 142 353.86 | 863.76 1,221.87 0.3178 
128.3 143 354.41 863.36 1,222.03 0.3199 
129.3 144 354.96 862.96 122220 0.3219 
130.3 145 355.50 862.56 1,222.36 0.3239 
131.3 146 356.03 862.17 1,222.53 0.3259 
132.3 147 356.57 861.78 1,222.69 0.3279 
133.3 148 357.10 861.39 1222735 0.3299 
134.3 149 357.63 861.00 1,223.01 0.3319 
135.3 150 358.16 860.62 1,223.18 0.3340 
136.3 151 358.68 860.23 1,223.33 0.3358 
137.3 152 359.20 859.85 1,223.49 0.3376 
138.3 153 359.72 859.47 1,223.65 0.3394 
139.3 154 360. 23 859.10 1,223.81 0.3412 
140.3 155 360.74 858.72 1,223.97 0.3430 
141:3 156 361.26 858.35 1,224.12 0.3448 
142.3 157 361.76 857.98 1,224.28 0.3466 
143.3 158 362.27 857.61 1,224.43 0.3484 
144°3 159 362.77 857.24 1,224.58 0.3502 
145.3 160 363.27 856.87 1,224.74 0.3520 
146.3 161 363.77 | 856.50 1,224.89 0.3539 
147.3 162 364.27 | 856.14 1,225.04 0.3558 
148.3 163 =i 364.76 855.78 1,225.19 0.3577 
149.3 164 365.25 855.42 1,225.34 0.3596 
150.3 165 365.74 855.06 1,225.49 0.3614 
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Gage Pressure 
pressure, above zero, Tempera- Latent Total heat Weight of 
pounds pounds ture, heat, above zero, 1 cu. ft., 
per square per square deg. Fahr. Btu. Fahr., B.t.u. pounds 
inch inch 
151.3 166 366.23 854.70 1,225.64 0.3633 
L52uS 167 366.71 854.35 1,225.78 0.3652 
153.3 168 367.19 853.99 1,225.93 0.3671 
154.3 169 367.68 853.64 1,226.08 0.3690 
155.3 170 368.15 853.29 1,226.22 0.3709 
156.3 171 368.63 852.94 1,226.37 0.3727 
157.3 ive 369.10 852.59 1,226.51 0.3745 
158.3 173 369.57 852.25 1,226.66 0.3763 
159.3 174 370.04 851.90 1,226.80 0.3781 
160.3 175 370.51 851.56 1,226.94 0.3799 
161.3 176 370.97 851.22 1,227.08 0.3817 
162.3 177 371.44 850.88 1,227.32 0.3835 
163.3 178 371.90 850.54 2277372 0.3853 
164.3 179 372.36 850.20 1,227.58 0.3871 
165.3 180 372.82 849.86 1,227.65 0.3889 
166.3 181 373.20 849.53 1,227.78 0.3907 
167.3 182 373.73 849.20 1,227.92 0.3925 
168.3 183 374.18 848 . 86 1,228.06 0.3944 
169.3 184 374.63 848.53 1,228.20 0.3962 
170.3 185 375.08 848.20 1,228.33 0.3980 
171.3 186 By daily 847.88 1,228.47 0.3999 
172.3 187 375.97 847.55 1,228.61 0.4017 
173.3 188 376.41 847 . 22 1,228.74 0.4035 
174.3 189 376.85 846.90 1,228.87 0.4053 
175.3 190 377.29 846.58 1,229.01 0.4072 
176.3 191 377.72 846.23 1,229.14 0.4089 
177.3 192 378.16 845.94 1,229.27 0.4107 
178.3 193 378.59 845.62 1,229.41 0.4125 
179.3 194 379.02 845.30 1,229.54 0.4143 
180.3 195 379.45 844.99 1,229.67 0.4160 
181.3 196 379.97 844.68 1,229.80 0.4178 
182.3 197 380.30 844.36 1,229.93 0.4196 
183.3 198 380.72 844.05 1,230.06 0.4214 
184.3 199 381.15 843.74 1,230.19 0.4231 
185.3 200 381.57 843.43 1,230.31 0.4249 
186.3 201 381.99 843.12 1,230.44 0.4266 
187.3 202 382.41 842.81 1,230.57 0.4283 
188.3 203 382.82 842.50 1,230.70 0.4300 
189.3 204 383.24 842.20 1,230.82 0.4318 
190.3 205 383.65 841.89 1,230.95 0.4335 
191.3 206 384.06 841.59 1,231.07 0.4352 
192.3 207 384.47 841.29 1,231.20 0.4369 
193.3 208 384.88 840.99 1,231.32 0.4386 
194.3 209 385.28 840.69 1,231.45 0.4403 
195.3 210 385.67 840.39 1,231.57 0.4421 
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gy & ' ee Waals 

or aoe Sao tee # ase | 3 
Hos qh » AHN 26 a w see BON “zo 
Sfee/ 828 | 282 | 20 | €582 | sss | we oan | $8 
Pay? 8 Org ges as Caries el peg os ae ue 
Sauce ats | aos | cae | fas |eees | oda Boa |e 
geao| gua | Ske | ge | Se8e | 2eS2| S28 | S88 | S82 
Basa] SHe | Cae | as | pea] Geea| S82 | sas | fa 
1 101.99 } 1,113.1 70.0 | 1,043.0 | 0.00299 | 334.5 0.9661 1 

2 126.27 | 1,120.5 94.4] 1,026.1 | 0.00576 | 173.6 0.9738 2 

3 141.62 | 1,125.1 | 109.8} 1,015.3 | 0.00844 | 118.5 0.9786 3 

4 153.09 | 1,128.6 | 121.4} 1,007.2 | 0.01107 90.33 0.9822 4 

5 162.34 | 1,131.5 | 130.7 | 1,000.8 | 0.01366 73.21 0.9852 5 

6 170.14] 1,133.8 | 138.6 995.2 | 0.01622 61.65 0.9876 6 

iG 176.90} 1,135.9 | 145.4 990.5 | 0.01874 53.39 0.9897 7 

8 182.92} 1,137.7 | 151.5 986.2 | 0.02125 47.06 0.9916 8 

9 188.33 | 1,1389:4 | 156.9 982.5 | 0.02374 42.12 0.9934 9 

10 193.25 |} 1,140.9 | 161.9 979.0 | 0.02621 38.15 0.9949 10 
15 213.03 | 1,146.9 | 181.8 965.1 | 0.03826 26.14 1.0003 15 
20 227.95 | 1,151.5 | 196.9 954.6 | 0.05023 19.91 1.0051 20 
25 240.04} 1,155.1 | 209.1 946.0 | 0.06199 16.13 1.0099 25 
30 250.27 | .1,158.3 | 219.4 938.9 | 0.07360 13.59 1.0129 30 
35 259.19 | 1,161.0 | 228.4 932.6 | 0.08508 11.75 1.0157 35 
40 267.13 | 1,163.4 | 236.4 927.0 | 0.09644 10.37 1.0182 AO 
45 274.29 | 1,165.6 | 243.6 922.0 | 0.1077 9.285 | 1.0205 45 
50 280.85 | 1,167.6 | 250.2 917.4 | 0.1188 8.418 | 1.0225 50 
55 286.89 | 1,169.4 | 256.3 913.1 | 0.1299 ° 7.698 | 1.0245 55 
60 292.51 | 1,171.2 |.261.9 909.3 | 0.1409 7.097 | 1.0263 60 
65 PAL Rete | al isa WPA ay fal PAS Ce 905.5 | 0.1519 6.583 | 1.0280 65 
70 302.71 | 1,174.3 | 272.2 902.1 | 0.1628 6.143 | 1.0295 70 
75 307.38 | 1,175.7 | 276.9 898.8 | 0.1736 5.760 | 1.0309 75 
80 311.80} 1,177.0 | 281.4 895.6 | 0.1843 5.436 | 1.0323 80 
85 316.02 | 1,178.3 | 285.8 892.5 | 0.1951 5.126 | 1.0337 85 
90 320.04 | 1,179.6 | 290.0 889.6 | 0.2058 4.859 | 1.0350 90 
95 323.89) 1,180.7 | 294.0 886.7 | 0.2165 4.619 | 1.0362 95 
100 | 327.58} 1,181.9 | 297.9 884.0 | 0.2271 4.403 | 1.0374 | 100 
105 331.13 | 1,182.9 | 301.6 881.3 | 0.2378 4.205 | 1.0385 | 105 
110 334.56 | 1,184.0 | 305.2 878.8 | 0.2484 4.026 | 1.0396 | 110 
115 337.86 | 1,185.0 | 308.7 876.3 | 0.2589 3.862 | 1.0406 | 115 
D120 341.05 | 1,186.0 | 312.0 874.0 | 0.2695 3.711 | 1.0416 | 120 
125 344.13 | 1,186.9 | 315.2 871.7 | 0.2800 3.571 | 1.0426 | 125 
130 347.12 | 1,187.8 | 318.4 869.4 | 0.2904 3.444 | 1.0435 | 130 
140 352.85 | 1,189.5 | 324.4 865.1 | 0.3113 3.212 | 1.0453 | 140 
150 358.26 | 1,191.2 | 330.0 861.2 | 0.3321 3.011 | 1.0470 | 150 
160 363.40 | 1,192.8 | 335.4 857.4 | 0.3530 2.833 | 1.0486 | 160 
170 368.29 | 1,194.3 | 340.5 853.8 | 0.3737 2.676 | 1.0502 | 170 
180 372.97 | 1,195.7 | 345.4 850.3 | 0.3945 2.535 | 1.0517 | 180 
190 377.44 | 1,197.1 | 350.1 847.0 | 0.4153 2.408 | 1.0531 | 190 
200 381.73 | 1,198.4 | 354.6 843.8 | 0.4359 2.294 | 1.0545 | 200 
225 391.79 | 1,201.4 | 365.1 836.3 | 0.4876 2.051 | 1.0576 | 225 
250 400.99 | 1,204.2 | 374.7 829.5 | 0.5393 1.854 | 1.0605 | 250 
275 409.50} 1,206.8 | 383.6 823.2 | 0.5913 1.691 | 1.0632 | 275 
300 417.42] 1,209.3 | 391.9 817.4 | 0.644 1.553 | 1.0657 | 300 
325 424.82} 1,211.5 | 399.6 811.9 | 0.696 1.437 | 1.0680 | 325 
350 431.90 | 1,213.7 | 406.9 806.8 | 0.748 1.337 | 1.0703 |! 350 
375 438.40 |} 1,215.7 | 414.2 801.5 | 0.800 1.250 | 1.0724 | 375 
400 445.15] 1,217.7 | 421.4 796.3 | 0.853 1.172 | 1.0745 | 400 
500 466.57 | 1,224.2 | 444.3 779.9 | 1.065 0.939 | 1.0812 | 500 
Ee ER al ee ee ie 


1071 


HANDY REFERENCE TABLES 


‘a1qe4 oY} Ul UdAIZ oInssoid ayy WoIy sInssaid yong aynjosqe uveUI 244 YONpep ‘aanssoid saxjoafa UveUI sy} puy O[—aLON 


6861) FF 86) OS6T| O'S6T| 8 68T| ELBIT} LO8T} ES 69T] EST) G6ET| SZET! EC'6IT| PF FOL) $O'E6| 26°92) 90°99 006 
S6FI| BSI] LOFT] SFHT] SSH) GOT) Gel) G9ZT| GPFIT] G6 POT) E166 | ZF 68 | L282 | 08°69] E2°LS| HS 6F| OST 
S68! 88El) G9ET) TSET) 8 CET) TTET) GS 9ST) SST] SLOT} ¥6'L6 | 9°26 | IS €8 | GOEL | ET'S9} B8'EGl EZ9F| OFT 
£621] GSS} SLE] GSSt| ESI) LTS) SLIT} O'OLT) 9°66 | 26°06 | 16'S8 | HS'LL | E8'L9 | LH'09| E0°0S| F6°SF| O8T 
S6IT| OGIT] HLIT] S SIT] SEL] HSIT] F8OT) 9 TOT] 9616 | 96'S8 | TE6L | 8GTL | 29°29 | HBSS] SI'9F] F968} OZT 
¥60T} T60T| 9 20T} S90T! FH POT| O'€OT) OF'66 | TT'S6 | OF F8 | F69L | OL'SL | 19°S9 | OF LG | AT IS] FESF| E898) OTT 
9F'66 | 12°66 | V8'L6 | 79°96 | 68°76 | H9'S6 | 9E'06 | $9'F8 | F9'9L | 26°69 | 80°99 | G9'6S | 8I'ZS | I9°9F) BF BE] SO'ESE] OOT 
0S°68 | 82°68 | 0°88 | 88°98 | OFS8 | 8Z'F8 | FETS | ST'9L | 46°89 | L6°S9 | BP'6S | 89°ES | 96'9F | 88 IF] 9° FE| SL°6S 06 
99°6L | LE°6L | LO°8L | ESLL | TOSL | 98'HL | OF'SL | SLL9 | TETO | 96'SS | L8°SE | SL LV | FL IF | IZLE] 62°08] ZP'9Z| O08 
69°69 | ¥F'6O | 8F'89 | 49°29 | SH'99 | 9G°S9 | 9Z'E9 | GS'6S | S9'ES | 96'8F | 92'9F | SLIP | ES'9E | SS°ZE| F6'9Z| OT'Ez| OZ 
19°69 | ZS°6S | OL'8S | Z6'LG | €6°9G | 0Z'9G | Zag | 6L'0G | 86'SF | BETH | S9'6E | 6L'SE | TETE | 6°2Z| 60'EZ| T8'6T 09 
€L'6h | 09'6F | G6'8h | LO8P | PH'LY | Z8°9F | BI'GH | SESH | ZEBE | VOFE | HO'EE | 286% | 60°9% | 9Z°EZ| FS'6I| IS'9T o¢ 
SLOP | VO FH | GOH | VEEP | OL'SF | FISH | 99 OF | 6O'8E | 8F'FE | SY'TE | HL'6S | F8°9S | SHES | F6'0Z] FELT} 98 FT SY 
8L'6E | 89'GE | EI 6E | 19'8E | GLE | SH'LE | SI-9E | 98°EE | G9OE | 86°LZ | EF'9S | 98°ES } 28°0S | 6E°8T} GEST] IZ eT OF 
I8'VE | GLE | VS'PE | GLEE | TS'EE | SL'SE | OTE | H9'6S | 89S | BF HS | EL'ES | 28°0% | 9S'ST | 8S 9T| LZP'ET| 9S°TT tS 
¥8'6S | 9L'6S | GE6S | 96'8S | 9F'8S | OT'8S | TI'LS | 6E'SS | 66°ZS | 660% | Z8'ET | OG'LT | GOST | 96'ET] FO TT|606'6 0g 
98°FS | O8 FS | OFS | EL'VS | SLES | THES | 69°SS | OTIS | OTST | SHAT | SS'9T | IG'FI | FVO'ET | S9'TT|0Z9'6 |eGz’s SS 
68°61 | P8'6T | 9G'6T | OF'6T | 86ST | ELST } LOST | €69T | ZEST | S6ET | IZ El | SEIT | SPOT 12626 |269°2 |909°9 0G 
S6FL | SSP | LOFT | SPF | SSH | GOVT | CSET | 69ST | 6HIT | 6F'OL |€166 [4768 |4z8'2 |086'9 |F2L°¢ |Fo6F ct 
9766 {1066 \F84°6 |729'6 |68F6 9986 [2806 |S9F8 |F99'2 [6869 [6099 |S96¢ |8IZ'¢ |8h9°F |SFB'e le0e's or 
Ko) 
oat FIT got eet ev oT 99°T S GS g Se t SS] 9 8 or So ° 
2 
mes SF 
uoIsuvdxe jo 0nVy = 2.6. 
Ree 
ie] 3g food 
9360 | 94 1 ORE IN Fe Ns OG te SeenON, Mime anor | BE) ORG A OS he Pe ee Nia are 
| : Sous 
Ps 
9YOI4S 044 JO SUOT}OVIT UI Ho-yng 3s 
Le 


SHUNSSEUG BLAIOSGY NVA] 


TULLEY’S HANDBOOK 


1072 


aa 0€ 
16E 00¢ v8 9€ 9G : 
PLE 00¢ v8 9€ VG 
VLE 00¢ OOT 0€ ¥G 
0&% 00¢ OOT 0€ 6S 
O61 00¢ ral VG 0G 
vST 00¢ SET ¥G 8T O9T 9T LI OIL 
cai 00g OST 0G 9T O9T 9T ST S38 08 6 6 0c 
£6 00¢ Ost 0% vl O8T ai ia! 09 006 8 8 CT 
£6 00¢ LOT 81 ia! O8T as él cP 006 Z ZL Or 
08 00g 891 ST €T O8T Or ai S€é 6G 9 9 Z 
89 00S 881 9T ai Ost Or OT GG GGG Si ¢ ¢ 
LP 00g 88I 9T Or 00¢ 8 8 ST 0S ¢ vi v 
einssoid 004 4oo} 9ynurur seyour seyour soyour soyour 
-sid eseI9AB | ‘oynurU red ropurpéo ee ‘eyO1yg | ‘ajoureiq Ronod 4 gad as ‘eyoryg | ‘1eyoureiq ancad 
sO Vage oe Bue S71074S jo o10g su0ry -oSI0 FT suory ~as10 FT 
Jom odesi0y peeds | -njoaoy aOne inne 
uo4sig ee dapurAo jo azI1g eS depuryAo jo ezig 


peqeorpuy 


‘IaMOd esegoioUl sais ‘peeds u04sid pesveiour Io ‘ainsseid aanjIoqg pesvaIOUl yeyy youy oqy 8481S] t 


07 e78InNdDe ATJUsTONWZNS 


Zuleq rJequr 


nu 


soy 4servou oyy ‘peddorp 


Teed eAvy Jomodesioy jo szred peuoroely O44 91qu4 a9A0qe oy} UT 


v9 |09 |€S |S [6h |hh |TP |OF JOE [se |Fe |Te [Fe ITe 86 |8Z /S% |€S |O% |8T jzt |e ler ler |--- B98 “Q] OOT YIM oModass0 zy 

O9 |€S |6F \6F |FF |OF |OF |ZE [gE [FE ITE Igz |Te 8G |9% |9S |€S [0% |8T JzT let |Pr et let |---- °° WBI4S “G[ 06 YIM 1oMOdes10 77 

€¢ lor vY |b (OF |9€ [Ze |FE JOS |TE |gz loz Isz loz lez SG |LS \6L |ZE Sk jek |St 120 lot |°*- sees UIB94S “GT OS YIM Jomodoasi0 77 

O8T|O9T|OFT O81 |O9T|OFT/00Z|O8T|O9T 0ze ost oot 02% |00Z |08T |0ZZ|00z ost ocaloozlosx dezlooe OST} ” Wao (ameter ic “""Suorgn[oAsy 
| 

9T XI 9T XI FIXTIT FI XOT GI XOL oI X6 | OLxXs OTe seaman a ka Vo" """“depulpéo Jo azig 


aa erent ye i 


Seinssolg puv spsedg snore, rapun pedojeaeq 
SANIONY GAIVA-GdCIIG AUVNOILVLY JO uaMOdasSUOH 


HANDY REFERENCE TABLES 1073 


PowkER INCREASE BY CONDENSER 


Calculated Gain Due to Vacuum, Friction not Considered. Speed and 
Point of Cut-off Remaining the Same, Vacuum = 24.5 in. 


Per cent Per cent Per cent Per cent 

of of of of 

M.e.p Sones M.e.p. sowee M.e.p. OWT M.e.p. Bower 

gained gained gained gained 
5 250.0 17 70.5 38 3125 62 19.3 
6 200.0 18 66.6 40 30.0 64 18.7 
7 171.4 19 63.1 42 28.5 66 18.1 
8 150.0 20 60.0 44 ae 68 Wi26 
9 lib Bisa: 22 54.5 46 26.08 70 i723) 
10 120.0 24 50.0 48 25.0 72 16.6 
ial 109.0 26 46.1 50 24.0 74 16.2 
12 100.0 28 44.3 52 2300 76 U5 06 
13 92.3 30 40.0 54 222 78 15.3 
14 85.7 32 Sif o5) 56 21.4 80 15.0 

15 80.0 34 35.2 58 20.6 82 14.63 

16 75.0 36 Bish 33 60 20.0 85 14.12 


Compounp STEAM Pumps 
Sizes of Cylinders Usually Furnished and Corresponding Ratios of Expansion 


Diameter Diameter Ratio 
high-pressure low-pressure ‘ of 
cylinder cylinder expansion 

6 10 2.78 

7 12 2.94 

Sim 12 2.25 

9 14 2.42 

10 16 2.56 

12 18 2.25 

14 20 2.04 

16 24 2.25 

18 30 2G, 
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CoMPOUND STEAM PuMP CYLINDERS 
Diameters of High- and Low-, Corresponding to Different Ratios of Piston 


Areas 
Ratio of piston areas 
Diameter of 
high-pressure 2tol 21% tol 3 to 1 314 tol 4tol 
cylinders 
Diameter of low-pressure cylinders 

6 86 916 1014 11 12 
7 10 11 12 13 14 
8 11 1244 14 15 16 
9 13 14 1514 1p 18 
10 14 16 Gs 19 20 
ll 1514 1735 19 2014 22 
12 17 19 21 2214 24 
13 1814 20% 2214 2414 26 
14 20 22, 24 26 28 
15 21 24 26 28 30 
16 2216 25 28 30 32 
ii 24 PT 2916 32 34 
18 2516 28146 31 3314 36 
19 27 30 33 3514 38 
20 28 31144 3416 3714 40 
21 30 33 3614 39 42 
22 31 35 38 4l 44 
23 3214 3614 40 43 46 
24 34 38 4014 45 48 
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CAPACITY AND SPEED OF CENTRIFUGAL PUMPS 
For a Given Capacity, the Speed Varies Nearly as Square Root of the Lift 


43 2 gd 2 

5 co) on Hey a o & 

Ga oe GH a) qk wd ea & 4 do a on 

en 5 ee Cann cee ec 56 
ee Qe pag 995 SE oOo 2S » 
o 0 o O° om Ce Q, Aen] te) 3324 2 5 aa 
2 Bes Set OS DTI Be 
as BS AAs KOO oA oS a 
a m @ sGas| £28 | S28 

(a) QA iS) Ga q nD Q 

1k 2 75 0.05 1,450 750 
2 2 120 0.07 1,150 595 
3 3 250 0.14 820 500 
4 5 450 0.25 125 425 
5 6 700 0.34 600 380 
6 6 1,200 0.64 525 345 
8 8 2,000 1.10 475 300 
10 10 3,000 1.62 450 265 
12 12 4,500 2.26 400 255 
15 15 7,000 3.50 325 240 
18 18 10,000 5.05 285 185 
20 20 14,000 7.06 275 140 
24 24 18,000 10.20 255 110 
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INDICATED HoRSEPOWER OF CYLINDERS 


For 1 Lb. Mean Effective Pressure, Minus Back Pressure 
ce TA Soe ie a = Sie TD NPI PAIRS ES Bie Ee a 


pe g | Speed of piston in feet per minute 
oAg 
ga cS) 
282 | 940 300 350 400 | 450 | 500 | 550 | 600 
Ax 8 
c 
6 0.205 0.256 0.299 0.342 0.385 0.428 0.471 0.513 
cf 0.279 0.348 0.408 0.466 0.524 0.583 0.641 0.699 
8 0.365 0.456 0.532 0.608 0.685 0.761 0.837 0.912 
9 0.462 0.577 0.674 0.770 0.866 0.963 1.059 1.154 
10 0.571 0.714 | 0.833 0.952 1.071 1.190 1.309 1.428 
11 0.691 0.864 1.008 1.153 1.296 1.44 1.584 1.728 
12 0.820 1.025 1.195 1.366 1.540 1.708 1.880 2.050 
13 0.964 1.206 1.407 1.608 1.809 2.01 1.211 2.412 
14 1.119 1.398 1.631 1.864 2.097 2.331 2.564 2.797 
15 1.285 1.606 1.873 2.131 2.409 2.677 2.945 3.212 
16 1.461 1.827 2.131 2.436 2.741 3.045 3.349 3.654 
17 1.643 2.054 2.396 2.739 3.081 3.424 3.766 4.108 
18 1.849 2.312 2.697 3.083 3.468 3.854 4.239 4.624 
19 2.061 2.577 3.006 3.436 3.865 4.297 4.724 5.154 
20 2.292 2.855 3.331 3.807 4.285 4.759 5.234 5.731 
21 2.518 3.148 3.672 4.197 4.722 5.247 5.771 6.296 
22 2.764 3.455 4.031 4.607 5.183 5.759 6.334 6.911 
23 3.021 3.776 4.405 5.035 5.664 6.294 6.923 7.852 
24 3.289 4.111 4.797 5.482 6.167 6.853 7.538 8.223 
25 3.569 4.461 5.105 5.948 6.692 7.436 8.179 8.923 
26 3.861 4.826 5.630 6.435 7.239 8.044 8.848 9.652 
27 4.159 5.199 6.066 6.932 7.799 8.666 9.532 | 10.399 
28 4.477 5.596 6.529 7.462 8.395 9.328 | 10.261 | 11.193 
29 4.805 6.006 7.007 8.008 9.009 | 10.01 11.011 | 12.012 
30 5.141 6.426 7.497 8.568 9.639 | 10.71 11.781 | 12.852 
31 5.486 6.865 8.001 9.144 | 10.287 | 11.43 12.573 | 13.716 
32 5.846 7.308 8.526 9.744 | 10.962 | 12.18 13.398 | 14.616 
33 6.216 7.770 9.065 | 10.360 | 11.655 | 12.959 | 14.245 | 15.54 
34 6.59 8.238 9.611 | 10.984 | 12.357 | 138.73 15.103 | 16.476 
35 6.993 8.742 | 10.199 | 11.656 } 13.1138 | 14.57 16.027 | 17.484 
36 7.401 9.252 | 10:794 | 12.336 | 13.878 | 15.42 16.962 | 18.504 
37 7.819 9.774 | 11.403 | 13.032 | 14.861 | 16.29 17.519 | 19.548 
38. 8.246 | 10.308 | 12.026 | 13.744 | 15.462 | 17.18 18.898 | 20.616 
39 8.618 | 10.86 12.67 14.48 16.29 18.1 19.91 21.61 
40 9.139 | 11.424 | 13.328 | 15.232 | 17.136 | 19.04 20.944 | 22.843 
41 9.604 | 12.006 | 14.007 | 16.008 | 18.009 | 20.00 22.011 | 24.012 
42 10.065 | 12.594 | 14.693 | 16.792 | 18.901 | 20.99 23.089 | 25.188 
43 10.56 13.20 15.4 7.6 19.8 22.00 24.2 26.4 
44 11.046 | 13.818 | 16.121 | 18.424 | 20.727 | 23.03 25.333 | 27.636 
45 11.563 | 14.454 | 16.863 } 19.272 | 21.681 | 24.09 26.399 | 28.908 
46 12.086 | 15.128 |} 17.626 | 20.144 ! 22.662 | 25.18 27.698 | 30.216 
47 12.614 | 15.768 | 18.396 | 21.024 | 23.652 | 26.28 28.908 | 31.536 
48 12.816 | 16.446 | 19.187 | 21.928 | 24.669 | 27.41 30.151 | 32.152 
49 12.913 | 17.142 | 19.999 | 22.856 | 25.713 | 28.57 33.427 | 34.284 
50 14,28 17.85 20.825 } 23.8 26.775 | 29.75 32.725 | 35.7 
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THERMOMETER SCALES COMPARED 


Reaumer, Fahrenheit, Celsius 


S re ° ns) =o 0 ° rr) ° 10 -) 6 ° 
5 ro a © ro) ts oS © © 2 Ps ¢ 4 


~|Oo 8&4 2 *n So So. © FO (e [OF 1897S OC hy Cl 6 On p aS 
fal-= 2.2 @ @ O2XO BONO oO We Ps) 8) a a ao 
N N N -_ = -_ ~ ~ - ~ =“ ~ ~~ we ~ ad - - -« - 
Gy a 


- = 
eo 
2 A A A Dw a a i RY BT OY NV a S| 
56 ° n °} » ° » ° rs 
o 2 R Rn © oO re9 . 3 3; 2 oe 
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Boitina Points OF VARIOUS SUBSTANCES 
At Atmospheric Pressure at Sea Level 


eee 


Substance Pee Substance rk 
JAN) Xo) ene ano O SIO Re 173 Sulphur cst cpedcenees 570 
PAIMINONIG.caistew « ceisier casevons- 28 Sulphuric acid, s.g. 1.848...} 590 
Benzinesestascsicccls eevee: 176 Sulphuric acid, s.g. 1.3.....] 240 
Woalitabsaces crnatnge ators 325 Sulphurickethen..) she sac 100 
MINSCCUs Olle Sees are Retr. axe 597 Murpentine sees eee cae 315 
IMIG@ECUY: cctv cectend Wolo Peceie 648 WW ater sa ioe ccitcietet ene eae 212 
INapt hansen oer etna 186 Watereseacorecc oes 21d)42 
INitrickacids.2. 1642. 0yc 248 Water, saturated brine..... 226 
INitriesacidyis:e. L-Oecease 210 WieOd spinite nts citereeene: 150 
Petroleum rectified........ 316 
MELTING Points oF METALS Me.utina Points oF VARIOUS SOLIDS 
From D: K. C. From D. K. C. and H. 
Metal Degrees Substance Degrees 
Fahr. Fahr. 
Full red 
‘Aluminumiaeieen sania errs heat @arbonice acid-ss. sane —108 
PADTIMON Ysa aaceinete cesses ere) 8 1,150 Gladasutciea acces: eee rae Z3ie 
Bismuth eet sac eee 507 Toeisasint aes poe te 32 
Bronzer cece tenets 1,690 Lardifet easter een ce 95 
COppeni. 3 op.tti nse a etiae 1,996 Nitro-glycerine............ 45 
Goldtistandard.assen ne aes 2,156 IPhosphordssenmaco ene cis 112 
Goldpures sete seers: 2,282 Pitch aciean: son Sacer: 91 
Iron; Cast, @6ay.so.e een 2,012 Saltpetrese ssh ccctetes oe 606 
1,922 Spermscettin ayer ee 120 
Iron, cast, white ......... to ' 109 
2,012 Stearine: roa ieiteee srereretonne to 
ron wroughtrccums aera: 2,912 120 
Meads te sae Dee ea es 617 Sulphuras.soe Laas CxS 239 
INercuryccur (32 heen: —39 Tallow. iieenes «anos 92 
Silver tei ee oie 1,873 Purpentine’s. ace ccm tees 14 
2372 Wax rough sae 142 
SGCOl Fa srepetereloleers ere scere eos to Wax, bleached........ Ses 154 
2,552 
AN e tea yeatelae tater eto 442 
ZANG cho ssis a eiaists Seis ke Boe 773 
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MeE.utTiIne Points or FusisLteE Piues 
From D. K. C. 
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| | 
Softens at | Melts at | Softens at | Melts at 
2'tin, 2 lead..2 365 372 2 tin, 7 lead.. 377% 388 
tin, 6 lead... 372 383 2 tin, 8 lead. . 395% 408 


Metrina Points oF METALS AND SOLIDS 
Dea. Faur. 


ANMMONYVAINOMS Abs ca. a. aoe atene one m ahs aiioe lous 951 
Bismnithemeltstativaacce us sae Marae hi eaacs bors 476 
IBYTSSLIMOLUSL Ab te etdcea stot easye in he el eeoieonere ret emorenn eis 1,900 
Cadmiumeme! tara tinccien; oo cisetee trie eb tesolanes 602 
GWAsbATOMVMELCS ats aes.sse share ere al eeece is usin aie 1,890 to 2,160 
Coppersmoelteratnnc ac sen sineiechtee te oxen tire 1,890 
Glass melts: atic. tes eioteie ciara ne tiace eeleteene 2.307 
OldGMeLESTAE Aaa: ose eis Steet. nataevera taste 2,250 
TGfeyr Xo Wires) CESDE Yr wels paalereco Seca oaGrcacC CRORS Canto Bic etn eS 594 
Nicermel taiiaticom tcnve ores oir igueetute werent i tesholeuasa or 32 
PlatintumMpmMelts ative siete ste cre asclersiecs smele seas 4,580 
WPOLASSIUIMPMCLUSIAL creinn ouevs sais oie cle alehs. cima tieeec 135 
Saltpetre: melts atari -aecvow s-eratre terete sw wue tears 600 
Sceolomeltaraternwkcksiasyvacita seers evteiews wivliswevs ene 2,340 to 2,520 
Sulphursmeltetat vrs cnst sees one eee 225 
Silver melts.atieonk o. bette hotels oa ene ahens tate nie 1,250 
PD ATVETVIG) GEA Gis sces a onshore ee chore ete teeag henge oere been steds 420 
iWrought iron melts atenen tcc cece ciel ears aioe 2,700 to 2,880 
ZAN GAIN CLES 8 biad etc en Oo ereteuals neie a eee eles eG 740 
PIMIMINUM ME] GBA tanks cca d aie sie alee Leta ac 1,260 


Ieni1TION Points oF VARIOUS SUBSTANCES 


Drea. Faur 
IPhosphorisgnites ats secrete ati cie eeu-ksnaiederier nate 150 
Sulphuragiites Abertay a cucersusisvacecti< sc esciat circaekersters gas 500 
VGOCMPNICOS Hb ce icacrelh a tsndesemenuciaiskebsie persis sre pe Reve ie ete 800 
Coal GDItOs arr ete ener, Sets Ne Mes eo hn hiteanaus ave 1,000 
Lignite, in the form of dust, ignites at................. 150 
Cannel coal, in the form of dust, ignites at............. 200 
Coking coal, in the form of dust, ignites at............ 250 
Anthracite, in the form of dust, ignites at............. 300 
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Latent Heat or Liquips 
(Under Pressure of 30 In. Mercury) 
(Treatise on Heat, by Thomas Box) 


a 


Increase of tempera- 
ture of liquid, if heat 
had not become 
latent, degrees 


Latent heat 
in units 
WIA GODe sos craters tans aleie severe es 966 
ALCOHOL eae Weiocietets sake eters 457 
1BKd apis nie OO CLOGS einiote 313 
Oiofaturpentines:..4. a 184 
INiaph thai see tente es wokenerelle 184 


966 
735 
473 


390 
443 


Regnault 
Ure 
Ure 


Ure 
Ure 


The boiling point of different liquids varies; and the boiling point of a 


liquid varies with the pressure. 


INCHES EXPRESSED IN DECIMALS OF A Foot 


16 = 0.6875 2%» =0.90625 2%, 
1346 = 0.8125 3345 = 0.96875 3364 


yA 4g ve 1 2 3 a 5 

0.0208 | 0.0417 | 0.0626 | 0.0833 | 0.1667 | 0.2500 | 0.3333 | 0.4167 
6 * r 8 9 10 11 12 
0.5000 | 0.5833 | 0.6667 | 0.7510 | 0.8333 | 0.9167 | 1.000 
DEcIMAL EQUIVALENTS OF AN INCH 
8ths 32ds 64ths 64ths 

4 = 0.125 14. = 0.03125 4 = 0.015625 3564 = 0.546875 
Yy=0.25 349 = 0.093875 364 = 0.046875 3764 = 0.578125 
3g = 0.375 542 = 0.15625 564 = 0.078125 3%, = 0.609375 
ly =0.50 49 = 0.21875 44 = 0.109375 4164 = 0.640625 
5g = 0.625 %eq = 0.28125 %4 = 0.140625 4364 = 0.671875 
34 =0.75 1145 = 0.34875 1164 = 0.171875 4564 = 0.703125 
4 =0.875 1342 = 0.40625 136, = 0.203125 4764 = 0.734375 
ee 1545 = 0.46875 1564 = 0.234375 4%4 = 0.765625 
1745 = 0.538125 14 = 0.265625 516, = 0.796875 
14¥g = 0.0625 1%. = 0.59375 1%4 = 0.296875 5364 = 0.828125 
346 = 0.1875 2345 = 0.65625 2164 = 0.328125 5544 = 0.859375 
16 = 0.3125 2282 = 0.71875 2364 = 0.359375 5764 = 0.890625 
Yo = 0.4875 2549 = 0.78125 7564 = 0.390625 5%, = 0.921875 
Me = 0.5625 2145 =0.84375 2364 = 0.421875 614, = 0.953125 


= 0.453125 6364 = 0.984375 


= 0.484375 
= 0.515625 
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Rock Driuu AiR CONSTANTS 


Constant for Determining Free Air per Minute Required for Rock Drills 
at 60, 70, 80, 90, 100 Lb. Pressure, and Altitudes from Sea 


Level to 10,000 Ft. Above 


Factor of multiplication 


: ; Atmospheric 
eee. Se Pressure at drill, pounds 
sea level pounds per 
square inch 60 70 80 90 100 
0 14.7 1.00 essai). 26 1.40 1.535 
500 14.45 JEON Way |) Dk cats i238 1.425 | 1.563 
1,000 14.12 1.03 aL iL¢s ifaeal 1.43 1.59 
1,500 13.92 1.048 | 1.19 1.33 14S lee? 
2,000 13.61 1.06 read 1.35 E50 1.645 
3,000 13.10 1.10 25. 1.40 1:55 1.70 
4,000 12.61 Pals TS |e Sis el 443 eee 1.755 
5,000 12.15 ulealee eo 1.495 | 1.652 | 1.81 
6,000 LS 1.20 erased 15 Saale om |e as 
7,000 Lal ze 1.24 1.42 1.59 1.76 1.935 
8,000 10.85 1.282 | 1.465 | 1.645 | 1.825 | 2.00 
9,000 10.45 1.32 el 1.70 1.90 2.07 
10,000 10.10 1.365 | 1.55 1.755 | 1.968 | 2.143 


ArR REQUIRED BY Rock DRILLS 


Cubic Feet of Air per Minute Required to Operate a Small Number of Drills 
of Various Sizes at 60-Lb. Air Pressure at Sea Level 


Number or name 


3 34 4 5 © 
Diameter of cylinder in 
INCHES pee oe eto 178 | 274 | 234 | 376 | 3%4 896 | 474 e 
Number of drills 
1 35 53 64 OST 1037 2s aS 
72 61 93 | 112 | 166 | 180 | 196 | 231 | 270 
° 88 | 133 | 160 | 238 | 258 | 280 | 330 | 385 
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PROPERTIES OF AMMONIA 


| 
t | B t a=71 A B 
—40 | 1.3802 | 0.0000 | 0.0000 60 | 0.9959 | 0.2136 | 0.1707 
—35 | 1.3569 | 0.0118 | 0.0115 65 | 0.9803 | 0.2231 | 0.1768 
—30 | 1.3343 | 0.0236 | 0.0224 70 | 0.9651 | 0.2326 | 0.1825 
—25 | 1.3119 | 0.0351 | 0.0332 75 | 0.9500 | 0.2420 | 0.1881 
—20 | 1.2902 | 0.0465 | 0.0435 80 | 0.9353 | 0.2513 | 0.1936 
—15 | 1.2689 | 0.0578 | 0.0535 85 | 0.9207 | 0.2605 | 0.1990 
—10 | 1.2481 | 0.0690 | 0.0631 90 | 0.9065 | 0.2696 | 0.2042 
— 5 | 1.2276 | 0.0800 | 0.0726 95 | 0.8922 | 0.2787 | 0.2093 
0 | 1.2076 | 0.0910 | 0.0816 |} 100 | 0.8788 | 0.2877 | 0.2140 
+ 5 | 1.1880 | 0.1018 | 0.0904 |] 105 | 0.8650 | 0.2966 | 0.2186 
10 | 1.1688 | 0.1125 | 0.0989 || 110 | 0.8516 | 0.3054 | 0.2232 
15., | 1.1500 | 0.1230 | 0.1072 || 115 | 0.8385 | 0.3141 | 0.2276 
20° | 1.1315 | 0.1335 | 0.1152 || 120 | 0.8255 | 0.3228 | 0.2319 
25 | 1.1134 | 0.1439 | 0.1229 || 125 | 0.8129 | 0.3313 | 0.2360 
30 | 1.0957 | 0.1541 | 0.1304 || 130 | 0.8002 | 0.3398 | 0.2402 
35 | 1.0783 | 0.1643 | 0.1376 || 135 | 0.7878 | 0.3483 | 0.2441 
40 | 1.0613 | 0.1743 | 0.1446 || 140 | 0.7756 | 0.3567 | 0.2479 
45 | 1.0445 | 0.1843 | 0.1514 || 145 | 0.7636 | 0.3650 | 0.2516 
50 | 1.0280 | 0.1941 | 0.1581 |/ 150 | 0.7518 | 0.3732 | 0.2552 
55 | 1.0118 | 0.2039 | 0.1645 || 155 | 0.7402 | 0.3814 | 0.2586 


In this table: 
a ; : ae F ; 
Ai — Az =c loge i where c is the specific heat of liquid ammonia, c is 


assumed equal to l; if any other value is taken the numbers in the table must 


be multiplied by that value. 
Bi — B, = og: — i — loge 7" 
Examples of use of table: 
1. Per cent of liquid in wet compression to prevent superheating = 
(Bi — B2)/d>. 
2. Superheating above condenser with dry compression = 
2(Bi —B2)T1 


L017 (ino 
3. Work to compress, 1 lb. of ammonia = 788 (71 — T2)@2;—1 cu. ft. = 
788(T1 — T2)$2W2. 


77 
4. Mean pressure = 744 (T1— T2)$2W2. 


5. Equation of adiabatic Az + n2@2 = Ai + nifhi. 
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PROPERTIES OF CARBON DIOXIDE 


t IP H h L v w co) 
—22 0.210 98.35 |—37.80 | 1386.15 | 0.4138 2.321 | 0.3108 
-—13 0.249 99.14 |—32.51 | 131.65 | 0.3459 2.759 | 0.2945 
— 4 0.292 99.88 | —26.91 126.79 | 0.2901 3.265 | 0.2785 

5 0.342 | 100.58 | —20.92 | 121.50 | 0.2438 3.853 | 0.2613 

14 0.396 | 101.21 |—14.49 | 115.70 | 0.2042 4.535 | 0.2441 

23 0.457 | 101.81 |\— 7.56 | 109.37 | 0.1711 5.331 | 0.2262 

32 2025) LO2835 0.00 | 102.35 | 0.1426 6.265 | 0.2080 

41 0.599 | 102.84 8.32 94.52 | 0.1177 7.374 | 0.1887 

50 0.680 | 103.24 17.60 85.64 | 0.0960 8.708 | 0.1679 

59 0.768 | 103.59 28 .22 75.37 | 0.0763 } 10.356 | 0.1452 

68 0.864 | 103.84 40.86 62.98 | 0.0577 | 12.480 |! 0.1193 

Od 0.968 | 1038.95 57.06 46.89 | 0.0391 | 15.475 | 0.0873 

86 1.080 | 103.72 84.44 19.28 | 0.0147 | 21.519 | 0.0353 

PROPERTIES OF BRINE 
(Common Salt) 
ay a A o | & > 
es eee a haa a 5 
SP ese 8s Pee 8 ls, | ae les we 
Selaoy| ag OH = © oo "a 
Seems rae Neos ben terey|y ee z eG | eS oa ee 
Sas | GCs wey ies} cores S ob Shi ap i 
Se 18ao] 28 \82 2 o@| 2, | 33 oo 
a ‘ey 2 Seal fas D D al Rae (|e ea (aa, 
| 

0 0 0 1.0 1.0 8.35 | 0.0 62.4 32.0 

1 4 il 1.007 | 0.992 8.4 0.084 | 62.8 31.8 

5 20 5 1.037 | 0.96 8.65 | 0.482 | 64.7 25.4 
10 40 10 1.073 | 0.892 8.95 | 0.895 | 66.95 | 18.0 
15 60 15 1.115 | 0.855 9.3 1395 869 5iael2e2 
20 80 19 1.150 | 0.829 9.6 1.92 Chil 7a 0.86 
25 100 23 1.191 | 0.783 9.94 | 2.485 | 74.26 1.00 
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PROPERTIES OF SULPHUR DIOXIDE 
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t P H h L v w 2) 
—22 5.56 | 157.43 | —19.56 | 176.99 BY, ef 0.076 | 0.4041 
—13 7.23 | 158.64 | —16.30 | 174.95 10.27 0.097 | 0.3914 
— 4 9.27 | 159.84 | —13.05 | 172.89 8.12 0.123 | 0.3791 

5 11.76 | 161.03 |— 9.79 | 170.82 6.50 0.153 | 0.3673 

14 14.74 | 162.20 |— 6.53 | 168.73 §.25 0.190 | 0.3559 

23 18.31 | 163.66 |— 3.27 | 166.63 4.29 0.232 | 0.3449 

32 22.53 | 164.51 0.00 |} 164.51 3.54 0.282 | 0.3344 

Al 27.48 | 165.65 3.27 | 162.38 2.93 0.340 | 0.3241 

50 33.25 | 166.78 6.55 | 160.23 2.45 0.406 | 0.3142 

59 39.33 | 167.90 9.83 | 158.07 2.07 | 0.483 | 0.3046 

68 47.61 | 168.99 13.11 | 155.89 1.75 0.570 | 0.2952 

ae 56.39 | 170.09 16.39 | 153.70 1.49 0.669 | 0.2861 

86 66.36 | 171.17 | 19.69 | 151.49 1.27 | 0.780 | 0.2774 

95 77.64 | 172.24 22.98 | 149.26 1.09 0.906 | 0.2689 
104 90.31 | 173.30 26.28 | 147.02 0.91; 1.046 | 0.2607 
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Refrigerator 


AMMONIA GAS PER MINUTE 


In Cubic Feet Required to Produce 1 Ton of Refrigeration 
Condenser 
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E.m.Fr. OF BATTERIES 


nT 


Name of cell E.m.f Material in plates Electrolyte 
Bunsen | 1.95 | Zine | Carbon Nitric and sulphuric acid 
Groveneeee eee 1.93 | Zine | Carbon Nitric and sulphuric acid 

? : Copper sulphate 

(Gravity sero 1.06 | Zine | Copper { Zinesilphete 
Leclanche.......| 1.45 | Zine | Carbon Sal ammoniac 
IDYas COMES. some ac 1.49 | Zine | Carbon Sal ammoniac paste 
Edison Lelande..| 0.9 Zine | Copper oxide Caustic potash 
Lead storage.....; 1-98 | Lead | Lead Sulphuric acid 


Watts = Amperes X Volts. 


ELecTricaL FORMULA 


_ Volts X Volts 
a Ohms 


Watts 


Watts = Amperes X Amperes X Ohms. 


Volts = Amperes X Ohms. 


Volts 
Amperes 


Heat units per Sec. = Amp. X Amp. X Ohms X Secs. X 0.24 


Volts 
Amperes = Ohm Ohms = 
$ Watts 
Electrical Horsepower = 746 


Hp. lost in conductor = 16.6538 X ea) x length in miles. 


2,150 X Watts per lamp 


Area of cond. in circular mils = Volts Volts SC Pan cont of drop xX no. of 
lamps X dist. to center of distribution in miles, or 
2,150 X dist. to center of distribution * Amperes 
: Per Cent of Drop X Volts 

Wairtitot copuer = Distance in miles X Distance in miles 

Volts X volts + 100 
Hp. delivered to motor X TOO weer nent oa IE X 266.5 

Per cent of line loss 

Enercy REQUIRED TO PRopucE 1 CANDLE PowER 
Warts Warts 

MAU OW. ape ei ee on 124 @annelligas).c ee ee aoe 
IVViBI cea ee tM ae ous epe chaeeee ae cee 94 Incandescent lamp......... 0) 
DSDELMaAbe tie ante ee craieeee 86 Arclampicc vase enna eee 0.8 
NMineraltoilara eer eten cet: 80 Magcnetiteiarce..cee fe aes 0.45 
Wegetableioils). aac seen ae 57 Mercury, vVaporee nici seers 0.4 
Coal castumectre ids horde ee 68 
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CURRENT-CARRYING CAPACITY OF WIRE 


1093 


Size of 
B. & S. gage Area actual Number of strands, Amperes 
C. M. strands B.&S 
: . gage 

19 1,288 

18 1,624 3 
17 2,048 

16 2,583 6 
15 3250 

14 4,107 12 

12 6,530 xe ae 17 

9,016 uf 19 21 

11,368 a 18 25 

14,336 2 17 30 

18,081 7 16 35 

22,799 7 15 40 

30,856 19 18 50 

38,912 19 17 60 

49,077 19 16 70 

60,088 37 18 85 

75,776 OW 17 100 

99,064 61 18 120 

124,928 61 17 145 

157,563 61 16 170 

198,677 61 15 200 

250,527 61 14 235 

296,387 91 15 270 

SOKO 91 14 320 

413,639 127 15 340 


When greater conducting area than that of B. & S. gage is required, the 
conductor shall be stranded in a series of 7, 19, 37, 61, 91 or 127 wires, as may 
be required; the strand consisting of one central wire, the remainder laid 
around it concentrically, each layer to be twisted in the opposite direction 
from the preceding. 
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Wire Fusion CURRENTS 


Table Showing the Size of Wire of Different Metals that will be Melted by 
Currents of-Various Strengths 


Strength Diameter of wire in thousandths of an inch 
of 

current : ; 
i | Conner | Ate | Ra | eet teen | a 

amperes 
1 0.002 0.003 0.003 0.003 0.005 0.007 
2 0.003 0.004 0.005 0.005 0.008 0.011 
3 0.004 0.005 0.007 0.007 0.010 0.015 
4 0.005 0.006 0.008 0.008 0.012 0.018 
5 0.006 0.008 0.010 0.010 0.014 0.021 
10 0.009 0.012 0.016 0.016 | 0.022 0.033 
15 0.013 0.016 0.020 0.020 0.028 0.044 
20 0.015 0.019 0.025 0.025 0.034 0.053 
25 0.018 0.022 0.029 0.029 0.040 0.062 
30 0.020 0.025 0.032 0.032 0.045 0.069 
35 0.022 0.028 0.036 0.036 0.050 0.077 
40 0.025 0.030 0.039 0.039 0.055 0.084 
50 0.027 0.033 0.042 0.042 0.059 0.091 
60 0.029 0.035 0.045 0.045 0.063 0.098 


Rope Transmission.—There are two systems of rope transmission, 
the English, or multiple-rope system, and the American or con- 
tinuous-wound rope system in which the adhesion of rope to sheave is 
obtained by a tension carriage. We will treat of the American 
system only, as it is almost universally used in this country to the 
exclusion of the other. One of the most common mistakes is to 
lead the rope to the tension carriage from the tight or pulling side 
of the drive, and putting on an abnormal amount of tension weight 
in a vain endeavor to take out the slack. 

Under the enormous strain of such an arrangement the rope wears 
out very rapidly, and more frequently parts at the splice. It is 
desirable in all cases of rope transmission to so arrange, that the 
slack side of the rope shall be on the upper part of the pulley, thus 
increasing the are of contact, as the two sides will then approach 
each other when in motion. The working strain in pounds on a 
rope should not exceed 200 times the square of the diameter of the 
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rope. The speed of the rope should not exceed 5,500 ft. per minute, 
and this gives the best results in horsepower. 

The practical limit to the number of ropes for one sheave cannot 
be definitely named. The only limiting condition is the ability of 
the tension carriage to keep up the slack and when the number of 
ropes exceeds the capacity of one carriage, a second may be added 
and the drive made double. Diameters of sheaves should not be 
less than 40 diameters of the rope, and 50 to 60 diameters are advis- © 
able, being justified by greater length of life of the rope. 

Horsepower Transmitted by Ropes.—The following table gives 
the horsepower transmitted by a single manila rope when the arc of 
contact is not less than 165 deg., and the tension in pounds is not 
greater than 200 times the square of the diameter of the rope. 


Velocity Diameter of rope, inches 
of rope in 
feet per 
minute 34 34 1 14 114 134 2 
1,000 1.24 2.25 3.57 5.59 8.02 | 10.85 | 14.20 
2,000 2.70 3.84 6.84 10.68 15.39 | 20.93 | 27.36 
2,500 3.30 4.71 8.38 13.10 18.86 | 25.66 | 33.54 
3,000 Soo 5.46 9.80 15.39 21.87 | 29.74 | 38.88 
3,500 4.30 6.23 11.09 i233 24.94 | 34.03 | 44.35 
4,000 4.74 6.83 12.15 18.98 27.33 | 37.17 | 48.59 
4,500 5.01 7.24 12.89 20.15 29.00 | 39.45 | 51.57 
5,000 5.20 7.A7 13.29 20.76 29.89 | 40.65 | 53.15 
5,500 O29) 7.60 13)53 21.14 50243741239) |) ofa 
6,000 5.08 oe 13.10 20.36 29.32 | 39.77 | 52.42 
6,500 4.74 | 6.83 42.13 19.00 27-34 | 37.21 | 48.63 
7,000 4.12 5.93 10.54 16.47 230702) | ozazouuazels 
7,500 Oo. 20 4.67 8.32 13.00 18-73 | 25.42 | 33223 


Purity Test for Rope.—Shred out some loose fiber and roll it into 
balls and burn them completely to ashes, and, if the rope is pure 
manila, the ash will be a dull grayish black. If the rope be made 
from sisal the ash will be a whitish gray, and if the rope is made from 
a combination of manila and sisal the ash will be of a mixed color. 
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HorRSEPOWER TRANSMITTING CAPACITY OF MANILA ROPE 


Feet per minute... .| 1,000) 1,500) 2,000) 2,500) 3,000) 3,500} 4,000; 4,500) 5,000 


Diameter of rope, 
inches 


34 134| 234) 314] 434] 514] 634] 7] 8| 9 
1 3\4| 474| 64%| 8 |10 | 11 13s 1 bate 16 
14% 5\4| 74] 1014/13 | 15 | 18 20 | 23 | 26 
144 Tig11. 115 | 181 22° 1 36 80 Petey 
134 10 |15>|20 |25 |30 | 35 40| 45] 50 


2 13 1914] 26 33 39 46 52 59 65 
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TRANSMISSION OF POWER BY WIRE CABLES 


This table is based upon scientific calculations, careful observations and 
experience, and can be relied upon when the distance exceeds 100 ft. It 
is also found by experience that it is best to run the wire rope transmission 
at the medium number of revolutions indicated in the table, as it makes the 
best and smoothest running transmission. If more power is needed than is 
indicated at 80 to 100 revolutions, choose a larger diameter of sheave. 


% a\ 3 oealie Z r : 
ee) oe |e |e | es i é 
Bae eS Bo | owe eee Soe 2 
8 Bs S| ge 2 age| gs a 2 g 
Bees eee (Cake o:| es ae 8 
Q De a mH Q ‘au Dw a tH Q td 
| 
3 80 36 3 7 140 Xe 35 
3 100 34 34 8 80 56 26 
3 120 3¢ 4 8 100 56 32 
3 140 3¢ 416 8 120 56 39 
4 80 36 4 8 140 54 45 
4 100 34 5 9 80 : ae 47 
Ye 8 48 
4 120 36 6 9 100 ee: 58 
716 78 60 
4 140 3 7 9 120 ya UE 69 
716 78 73 
5 30 6 9 9 140 ¢ oy 82 
: He 8 84 
5 100 TAGs | ht 10 80 ee ane, 64 
78 416 68 
5 120 Vs 13 10 100 Sy 44 80 
Ps. Arte 85 
5 140 6 15 10 120 La 96 
78 J16 102 
6 80 a) 14 10 140 eee tt 112 
% "746 | fig 
6 100 My 17 12 80 at oe 93 
Mies 24 99 
lg 20 12 100 116 
oie silage ig 
124 
6 140 Wy 23 12 120 hie ee 140 
716 74 149 
7 80 Xe 20 12 120 Uy 173 
yi 100 %e_ | 26 14 80 ; uy 1g | \ 141 
Ae as 
7 120 %6 30 14 100 ‘ ik 176 
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HoistTine. CABLES 


FLATTENED STRAND 


Hercules | Crucible | Iron 

Re! A A 

»~ »~ » as} 
el eee ea ele oes 
8_| 32 [Yes] 52 |Pad| 58 [Be 
23) 98 tg So| 8 |g sol &S las 
§4 2S IBvO] Vo BerPpO] 2o le4 
Sa|lnaq lfanles |feaje8 (2a 
Ba) Es [es cen | 6-5 5 |B.8 
4g | 1914) 13.5) 14144 9 | 10% 4 
5% | 2614] 22.5) 1844 15} 15% 6 
34 | 35 32.0) 24 21+. 21 9 
% | 45 40.5} 30 29 | 26 13 
1 56144} 56.0} 3914 38 | 34 17 
134 | 68 67.0} 50 47 | 43 21 
1% | 82 84.0} 5914 56 | 52 28 
14% |123 124.0} 86 81} 74 40 
13% |173 168 .0)121 109 }104 54 
2 202 211.0)144 140 {120 66 
214 |257 260. 0/182 176 |152 75 


2,000 lb. 


19-Wire Rounp STRAND 


Hercules Crucible Iron 
a] q | 
ae) 4 » ‘3S 2 ‘3 
a) Sie el Saale nal oan 
8 | 5g |¥oS| 5s] os [b2| Pod 
52] ad log adlSeaciad) €a 
e 2 |2oS]o|¥oS]. 0] Zoe 
is go ges Qo ges go ges 
Aa| ES |B aN ES | eet Ba) oa 
144) 1644) 12.5) 11| 8.8 8 4 
54| 2214) 20.0] 14) 13.6) 12 6 
34| 30 29.0} 18} 19.4] 16 9 
* 7%| 39 36.0} 23] 26.0} 20] 13 
1 4814} 50.0] 30) 34.0] 26) 17 
144| 5734) 60.0} 38) 42.0} 33) 21 
144} 71 77.0) 46) 50.0} 40} 25 
144/103 113.0] 66) 72.0] 57|) 36 
134/147 157.0) 93} 96.0} 80} 48 
2 1172 191.0} 111] 124.0) 92) 62 
244/218 238.0} 142) 156 117} 74 
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PuiaABLE Hoisting CABLES 


Swedish Iron Crucible Cast Steel 
19 Wires to the Strand 19 Wires to the Strand 
Hemp Center Hemp Center 
» ~~ on re) bd 
a) 4 SEE |e 8 we 6 3 Oe [S S ae 
ge |& lay fOgsese/s [@oe | 2 |S jee |SRSleseie |2oe 
Bo] RE |Pee|S22/F Slogla58 | | £2 |F28/S% 2)? 28le3|s88 
oe] o8 ¥Ss aga Son Si EER 3 oS 298 aes Sisco bios) Eas 
Bo| $2 (sHsiseeeetisulacs | ae| So (sasiess/ ssc (ssle_$ 
ao EB | Ban Ax SES SZ AIS om An | GA IBAS|Ase ESSE A/S om 
V4 9 24) % 0.10) % 4 614] 1.20) 9% % 10.10 yy 
546 914 314] 1 34 10.15} 1 546 634] 1.70] % 38 10.15 34 
34 914 5 1% 0.22, 1% 3% 7 2.50; % 1% 10.22) 1 
6 10 7 1% 136 10.30} 2 Ae 7%! 3.40) 1 58 10.30; 144 
4 11 9 1% 14 |0.39) 2% % 8 4.40) 1% % |0.39| 1% 
%6 12 11 1%6 21% 10.50} 234 %6 10 5.50] 1546 1440|0.50| 2 
54 14 14 | 134 24% |0.64| 344 58 12 6.80} 144 134 |0.64| 244 
%4 18 20 246 4 0.89} 4 34 16 9.70} 154 1% |0.89| 3 
iB 23 26 25% 5% |1.20| 4% % 20 13.0 | 2 236 |1.20) 3% 
1 30 34 3 644 {1.58} 5% 1 26 17.0 | 24% 336 11.58) 4 
1% 38 42 336 8% |2.00] 6 1% 33 21.0 | 258 4% |2.00| 4% 
1% 46 52 334 10 2.45) 644 14% 40 25.0 | 3% 5 2.45) 5 
13% 56 63 4 12 3.00} 7 1% 48 | 31.0] 3% 64% |3.00) 6 
1% 66 77 | 4% 15 (8.55) 714 1% 57 | 36.0 | 3% 746 |3.55| 64% 
1% 74 86 | 434 17 4.15} 814 158 63 42.0| 4 836 |4.15|) 7 
134 93 106 54 20 5.25) 10 134 80 48.0 | 4% 936 15.25, 74% 
2 111 125 ae Se eD 6.30} 12 2 92 62.0 | 434 1226 |6.30| 9 
2% | 142 160 Beuat pow 8.00} 13 2% 117 78.0 | 514 1534 |8.00) 10 
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WIRE CABLES FOR INCLINED PLANES 


19 Wires to the Strand For the benefit of those desiring to 
use wire rope on slopes, inclined planes, 
Hemp Center etc., a table by which the strain produced 
by any load may be readily ascertained. 
oar This table gives only the strain pro- 
& bo a . 3 duced on a rope by a load of 1 ton of 
GS S ‘ga. | See 2,000 lb., an allowance for rolling fric- 
A & ee mw HO |S @ og tion being made. An additional allow- 
i fe | oeA See as |e ance for the weight of the rope will have 
wee GET) sete Wipers pice: ee eh to be made. 
da | o8 298 Sag | so Bae Example: For an inclination of 106 
BS | Se WP eS lose |e 8 |.ae9 ft. in 100 ft., corresponding to an angle 
Aw} at | BeaS [eo [am [Sea of 45 deg., a load of 2,000 lb. will pro- 
duce a strain on the rope of 1,419 lb., 
Ae ay, . 1 | 0.221 2 and for a load of 9,000 Ib. the strain on 
% 4 : 
4 «\15 107 18zels0,80- 214. |) the rene willbe ee oe aRade 
4g 17 AS lies 0.39] 234 2,000 
Ne 19 15 216 | 0.50! 3 lb. 
s | 33 | 30| 37 | O10] 5 
44 0.89 D : ' : 
1 35 40 | 634 | 1.20] 6 Sa) gak Sa|gex 
1 45 50 | 814 | 1.58] 7 aae| gge aae|ses 
1 | 54 63 | 11 | 2.00] 8 Sf |geh] ocs ijs |gah| oes 
1% 65 76 | 13 2.45] 9 el pelease |) Sey |ilreh epee) || Saat 
13g | 80 95 | 16 | 3.00] 10 Sis(a0q| Se 1125) 8oq| 2 ax 
144 95 115 | 19 3.55] 11 Peet Ons | El, Meee || OLS | es 
15g | 112 130 | 22 4.15] -12 BS Hes | Soe |lSS| EMS laca 
134 | 136 | 160] 25 | 5.25) 13 BTS 8&s | Fos laa] Sas} Fok 
2 160 220 | 33 6.30| 14 
214 220 235 | 40 8.00} 15 
5 2% 112 95| 4334 | 1,385 
HPAP alee IE 
P 05| 46 1,4 
7 Wires to the Strand 20 11% 404 110 184 1'aey 
r 25 416 4 15] 4 1,516 
ory Cente 30 | 1654 | 586 || 120] 5034 | 1,544 
35 | 191¢ 673 125] 5146 | 1,570 
1g 124 it 2 0.39) 3 40 | 2154 754 130] 5245 | 1,592 
Ne 15 14 2144 | 0.50} 4 45 24% 832 135] 5344 | 1,614 
4 18 18 3 0.64, 539 50 | 26146 905 140} 5444 | 1,633 
34 25 28 5 0.89) 6 55 | 2856 975 145} 5544 | 1,653 
1% 33 36 7 PAL 26 60 | 31 1,040 150) 5644 | 1,671 
1 42 48 9144 | 1.58) 8 65 | 33442} 1,100 155} 5714 | 1,689 
1% 53 60 | 11 2.00) 9 70 | 35 1,156 160} 58 1,703 
1% 64 72 | 13 2.45) 10 vs | 37 1,210 165) 484 | 1,717 
13% 76 82 | 16 3.00] 11 80 | 383% 1,260 170) 5914 | 1,729 
144 92 100 | 20 3.55) 12 85 | 40146 1,304 175) 6014 | 1,742 
90 | 42 1,347 
A factor of safety of five to seven 
times should be taken; that is, the 
- working load on the rope should only 
be one-fifth to one-seventh of its break- 
ing strength. As a rule, ropes for 
shafts should have a factor of safety of 
five, and on inclined planes, where the 
wear is much greater, the factor of 
safety should be seven. 


———— 
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Absolute and gage pressure, 681 
pressure, 50 
indicator, 412 
pressures, mean, 1071 
Absorption of CO2, 230 
refrigerating machine, Vogt, 875 
Accelerating turbines, 591 
Accident, ammonia, in case of, 883 
emergency relief in, 883 
first aid supplies, 884 
flywheel, causes of, 630 
Accumulator valves, 922 
Accumulators, 909 
hydraulic elevator, 920 
Accuracy in meter reading, 938 
permanent, of vibrating reed tacho- 
meters, 637 
of thermometers, maintaining, 413 
Acid, free carbonic in boilers, 71 
muriatic, for injectors, 396 
Acids, ‘‘blowing-up,”’ 359 
pumping, 359 
Action of alternators, 786 
of barometric condensers, 335 
of a commutator, 772 
of an engine piston, 480 
generator, compound, 748 
of the indicator, 603 
inductive, in alternating current cir- 
cuits, 730 
of injector and inspirator, 394 
of the sarco trap, 311 
in a steam condenser, 324 
of steam pump valve, 353 
in a transformer, 843 
of turbine hydraulic governor, 572 
uneven, of alternators, 791 
valve, Corliss, 487 : 
of Sie preservative in steam boilers, 


Actual ratios of expansion, 1077 
Adaptability of steam boilers, 58 
Adhesion of a belt to its pulley, 653 
Adiabatic curve, 608 

approximation of, 609 
Adjustable chronometer valves, 449 
Adjusting eae engine governor cut-off, 

5 


piston springs, 16 
and testing thermometers, 415 
Adjustment of Corliss engine rocker-arm, 
550 


valve gear, 546 
required before starting a turbine, 583 
of safety valve blowdown, 462 

popping pressure, 462 
valve, temporary, 329 : 
of valves for condensing engine, 326 
Admission and exhaust, independence 
required, 487 
valves, Diesel engine, 1015 


Admission port, auxiliary, 874 
stroke 1, Diesel, 1014 
valves, steam, how to keep tight, 541 
Advance of engine eccentric, effect of, 621 
Advantages of balanced draft, 248 
of engine flywheels, 34 
of a gas engine, 1008 
of multipolar construction, 752 
of throttling calorimeters, 436 
Advertising for boiler estimates, 56 
Air through boiler settings, 242 
B.t.u. of refrigeration required for 1000 
feet, 982 
compressed, distribution of pulverized 
_ fuel, 192 
driving engines with, 685 
compression, two-stage, 970 
compressing, 954 
compressor belt drive, 957 
capacity of, 957 
carbon deposits, soft soap for, 960 
care of valves, 959 
check valve, 957 
cooling, thermo-syphon, 956 
water, 956 
cylinder lubrication, 960 
discharge pipe, 956 
heat, 955 
imperial piston steam valve, 968 
kerosene oil in, 969 
leaks, 954 
losses, 958 
low pressure valves, Sullivan, 967 
lubrication, 955 
noise, 957 
plate valves, 960 
pressure, 955 
receivers, explosions in, 970 
safety valve, 955 
single stage, 967 
suction pipe, 956 
strainer, 956 
unloader, 957, 971 
combination, 971 
valves, 958 
Curtis, 964 
Gardner, duo-plate, 963 
Sullivan, 965 
Sullivan end-rolling, 966 
trouble, locating, 959 
wafer, 967 
conditioning, 977 
B.t.u. of heat required, 981 
control by steam demand, 246 
cushion in turbine oil systems, 595 
Ejector, Elliott-Ehrhart, 320 
steam, saving of heat made by, 322 
Air excess and COs, 254 
detriments to combustion efficiency, 


and exhaust valves of diesel engine, 
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Air, expanding in an engine, 685 
fed to boiler furnace, weight of, 243 
and fuel, automatic supply of to Jones 
stoker, 370 

humidifying apparatus, 978 

leakage, 990 

leaks in boiler-setting, stopping, 174 
and dirty heating surface, 6 

lift compressor circulation, 969 
problem, an, 976 
system of pumping water, 973 
terms, ordinary, 974 

meters, 938 

pressure equal to wind, 990 
two kinds of in stoker, 161 

pump, condenser, speed of, 339 
hydraulic, 321 

and reciprocating, loss of heat in, 


Wesiaghouteelsblane, 387 
receiver, Diesel engine,-care of, 1025 
in refrigerating system, 855 
removal of from feed water, 276 
required for combustion, 238 
for pneumatic tools, 1083 
by rock drills, 1084 
for surface condensation, 981 
requirements per hour, 1005 
set cement joints, 165 
in the steam line, 13 
supply for burning oil, 197 
tank, compressor, 954 
velocity, measurement of, 993 
Vilter, compressor valves, 871 
washing, 977 
Albany grease and graphite, 15 
Alberger multi-head feed water heater, 298 
Aligning cylinder or wheel casing, 584 
engine with direct coupled shaft, 651 
with shaft, 649 
extension to main shaft, 648 
reciprocating engines, 513 
Alignment and balance of centrifugal 
pump, 392 
check, of pump and driving unit, 392 
of turbine unit, when in, 584 
Allis-Chalmers centrifugal pump, 386 
Diesel oil engine, 1016 
reaction steam turbine, 575 
All-metallic, standard, ammonia 
packing, 879 
rod-packing for steam, 879 
Allowable carrying capacity of wires, 328 
maximum pitch of screwed staybolts, 84 
Allowance for building exposure, 990 
for expansion in turbines, 570 
for water-friction in pipes, 360 
Alter the point of cut-off, 490 
Alternating current, 717 
circuits, inductive action in, 730 
long, 827 
and direct current generators, 708 
distribution, 809 
medium distance, 810 
short distance, 809 
elevator control, 895 
motors, 889 
and e.m.f., relations between, 720 
generators and motors, 786 
long distance distribution, 810 
motors, 798 


rod- 


INDEX 


Alternating current motors, constant 
speed, 804 
wiring for, 833 
principles, 715 
reducing lag of, 799 
represented by sine curves, 724 
and the sine curve, 723 
motor starting torque, 804 
Alternators, action of, 786 
belted, 791 
care of, 797 
connected in oh cae starting of, 793 
direct coupled, 792 
load, division of, 796 
in parallel, 789 
running in parallel, 796 
shutting down, 797 
starting of, 793 
direct coupled in parallel, 796 
steam and water driven in parallel, 791 
uneven action of, 791 
use rubber mate in front of, 797 
velocity of, 790 
Altitude gages, 419 
valves, automatic 
trolling, 450 
Always close elevator hatch enclosure 
doors, 901 
American boiler maker’s standard, 40 
coals, typical, analysis of, 181 
Ammeters, principle of, 840 
recording, 819 
use of, 817 
Ammonia accidents, in case of, 883 
emergency relief in, 883 
first aid supplies, 884 
anhydrous, 875 
aqua, 875 
by-passes, 868 
charging refrigerating system with, 862 
compression system, carbondale, 876 
compressor cylinder, Vilter, 872 
diagram mean pressure of, 1090 
and feather valve, Worthington, 876 
lubricating, 868 
valves, 871 
De La Vergne, 872 
compressors, 871 
condenser counter current pHaoipls, 880 
equalizing and purging header, 868 
suction and equalizing lines, 868 
effect of on pipes, 861 
gage movements, 416 
gas, 867 
anhydrous, 859 
general information, 884 
per minute, 1088 
recovery of, 870 
horsepower to compress, 1089 
liquefied, 863, 865, 867 
pressure gages, 419 
properties of, 1085 
refrigerating system, vacuum in, 857 
rod metallic packing, 878 
separators, 860 
standard rod-packing, all-metallic, 879 
swallowed, treatment for, 884 
test, 858 
Amount of water required by a condenser, 


4 
Ampere, the, 739 


cushioned  con- 


INDEX 


Analysis of chimney gas, 223 
gas, preparing instrument for, 227 
of indicator diagrams, 603 
instrument, cleaning of, 232 
of natural gas, 187 
of typical American coals, 181 
Analyze the feed water, 28 
Analyzer, gas, description of, 225 
Analyzing gases, Misened of, 225 
Anemometer, the; 9 
tests of, 993 
Angle of lag, 733 
shaft, steam turbine, 577 
of stack guys, 137 
Angularity of connecting rod and valve 
cut-off, 47 
Anhydrous ammonia, 875 
gas, 859 
Animal and mineral oils, 15 
oil, to detect presence of, 597 
Annoyances and dangers, boiler, 
for, 56 
Answers, pump questions, 349 
Anthracite and bituminous coal sizes, 60 
coal, directions for firing, 26 
grinding, Hardinge mill for, 188 
(hard) and bituminous Gore) coal, 178 
and semi-anthracite coal, 
Apparatus, atomizing, eee 199 
balanced draft, operation of, 248 
for handling coal and ash, 206 
for humidifying air, 978 
Appliances, safety, inspect after each 
application, 902 
valves, fittings, 446 
Applying pencil to indicator drum, 617 
Approximate engine proportions, 507 
BET eos ns mean effective pressure, 


blame 


Approximation of adiabatic curve, 609 
Apron conveyors, 210 
Aqua ammonia, 875 
Arc of belt contact, 655 
lamps, 815 
installing, 817 
light carbons, life of, 816 
lighting transformer, series, 847 
Arch construction, back, 169 
Arches, suspended, 170 
Areas of circular segments, 1045 
of cylinders, rule for ratio of, 559 
Sameter snd circumferences of circles, 


of piston rods, clearance, 560 

segment, calculating, 91 

of strainer holes, 355 

Armature coils, connection of, 730 

live and dead sides of, 744 
ring and drum, 743 

displacement and cut bearings, 781 
effect of, 780 

drum-type, displacement os 781 

field magnetization of, 786 

multipolar, coils for, 756 

noisy, 778 

principle of the, 795 

or pulley out of paletioe, 778 

ring and solid, 712 

strikes or rubs pole pisces 778 

winding, drum, 743, 7 
lap, 754 
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Armature winding, multipolar, 754 
principles of, 749 
ring, 742 
wave, 754 

Arrang oment of shaft-governor eccentric, 


of switchboard for two generators, 824 
Arrester, lightening, 817 
Asbeorasaed soft steel handhole gaskets, 


45 
Ash and coal handling apparatus, 206 
conveyors, cableway, 220 
green, steam jet, 214 
pivoted bucket, 213 
pneumatic, 213 
steam jet, 213 
suction, capacity of, 
disposal and. coal ae 205-206 
drag or scraper conveyor, 208 
hand, cost of, 214 
with pulverized fuel, 191 
by rue chain or flight conveyors, 


systems, 206 
steam jet, operation of, 216 
by wagon or cart, 208 
by wheelbarrows, cans and industrial 
cars, 207 
pit and qeeate should be kept clean, 60 
A. 8S. M. E. code for boiler braces, 84 
rule for boiler safe working pressure 100 
steam boiler rating, 74-75 
Aspiring coile, 987 
Assembling a generator, 766 
Atmosphere, weight of at sea level, 30 
Atmospheric pressure, determination of, 39 
gas engines, 1010 
of steam, 50 
refrigerating machine, Vogt, 875 
relief ee for barometric condenser, 


mires (1) mechanical, for oil burning, 
8 


in oil burning, 198 
Atomizers, steam, for oil burning, 198 
requirements, 198 
Atomizing apparatus, auxiliary, 199 
Attaching paper to indicator, 616 
Attention to commutator and brushes, 770 
Attic supply heating system, 984 
Attraction and repulsion of magnets, 695 
Attractive power of a magnet, 695 
Automatic auxiliary exhaust valves, 496 
pores engines, point of cut-off in,- 
4. 


control, fire room, 202 
COs: recorder, 230 
cushioned controlling altitude valves, 


450 

cut-off defined, 44 
elevator control, dispatcher type, 897 
engine, 537 

coal saving per year with, 482 

diagrams, 618 

regulation, 624 

what is a?, 489 
hydraulic, elevator stop valve, 913 
injector, U. S., 402 
Morehead, return steam trap, 306 
or push- button elevator control, 896 
refrigeration plants, 882 
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Automatic sight feed lubricators, 370 
supply ches and fuel to Jones stoker, 
37 


terminal, elevator stopping device, 892 
and throttling engines, diagrams from, 
622 


regulation, comparison of, 624 
type injectors, 395 
vacuum breaking, 634 
Automatically operated pumps, 988 
“‘Auto-positive’’ Penberthy injector, 407 
Auxiliary admission port, 874 
atomizing apparatus, 199 
automatic exhaust valves, 500 
elevator brake, 890 
exhaust valves, setting of, 504 
injection pipe, 343 
Average air velocity, point of, 993 
pressure, horsepower, piston-speed, 507 
wind velocity, 990 
Averaging instrument, radii, 426 
Axial clearance, 569 
flow turbine, 570 


Back arch construction, 169 

pressure, Corliss engine under, 620 
Bad boiler material, workmanship and 

fittings, 56 

feed water in Stirling boilers, 117 

furnace and bad firing losses, 237 
Badly set commutator brushes, 775 
Baffle, four-pass, 114-115 

in Stirling boilers, 114 

wall, Turner, 175 

walls, building, 175 
Baffling in Bigelow Hornsby boilers, 119 

of O’Brien water tube boiler, 111 
Bagasse, composition and heating value 


of, 
Balance and alignment of Centrifugal 
pump, 392 


electrical disturbance of in commutator, 


lack of, in pulley or armature, 778 
Balanced draft, 245 
advantages of, 248 
apparatus and operation, 248 
control action, 252 
stoker control, 248 
and natural draft contest, a, 245 
Balancer, multi-voltage, elevator, 897 
Balancing pressure, water, of a steam 


Rump, 40 
Band, falls, speed limit, 631 
Banking boiler furnace fires, 25 
Bare steam pipe, heat loss from, 1063 
Barometric condenser, action of, 335 
atmospheric relief valve, 337 
and circulating pump, 337 
location of, 335 
water required by, 338 
surface and jet condensers, 330 
or syphon condenser, 335 
Base section for steel stack, 134 
Basement two-pipe main heating system, 


Batch Bypeome of oil changing for turbines, 


Batteries, e.m.f. of, 1092 


INDEX 


Bearings ye blades, turbine, inspecting, 
594 


Diesel engine, care of, 1023 
elevator overhead sheave, lubrication 
of, 931 
engine, care of main, 18 
main, lubrication of, 15 
thermometers, journal, 429 
thrust, for steam turbine, 577 
turbine, cooling water for, 589 
high speed, 595 
main, oil pressure for, 596 
oil pressure for, 572 
temperature of oil in, 597 
water cooling coils for, 572 
wear of, 580 
Bed grouting mixture for turbines, 586 
plate, turbine, leveling, 585 
turbine, wedges for leveling, 585 
turbine, grouting a, 584-586 
Behavior of a Semi-Diesel engine, 1028 
Belt, adhesion of to a pulley, 653 
calculations, 658 
contact, are of, 655 
conveyor, 210 
double, driving power of, 658 
drive for air compressor, 957 
driving power of, 657 
finding width of, 652 
formula, intricate, not needed, 655 
governing principles of, 653 
governor, when it breaks, 43 
hair vs. flesh side, 657 
hints for users, 659 
horsepower, 660 
it will transmit, 652 
transmission of by, 657 
lacing of, 660 
pulley and gear power-transmission, 648 
punching lace holes in a, 657 
resistance to slipping, 653 
rules and problems, 651 
single, driving power of, 657 
transmission, losses in, 661 
unit of power transmitted by, 655 
Belted alternators, 791 
Belting, horsepower of, 655 
Best steam engine, 480 
Between admission and exhaust, inde- 
pendence required, 487 
Bevel gears, 663 
Bigelow Hornsby boilers, baffling in, 119 
water tube boiler, 117 
Bin indicator for pulverized fuel, 194 
Bipolar generators, principles of, 711 
Bituminous and anthracite coal sizes, 60 
lump coal, directions for firing, 26 
slack coal, directions for firing, 26 
(soft) and anthracite (hard) coal, 178 
Black lignite or sun-bituminous coal, 178 
smoke or CO, 243 
Blades aod bear ass, turbine, inspecting, 


rings, turbine, 577 
turbine, method of fastening, 570 
monel metal, 578 
Westinghouse, 578 
wire, ‘“comma,”’ 578 
Blame for boiler annoyances and dangers, 


Blisters on steam boiler plates, 68 


INDEX 


Blocked-up Corliss engine governor, 46 
Blocks, protective, blow-off-pipe, 168 
Bicraon: pateen valve, adjustment of, 


6 
Blower, soot, built-in, 111 
turbo, for conveying pulverized fuel, 197 
Blowers in heating systems, 993 
steam, Eynon Evans, standard, 972 
jet, 972 
Blowing down the boiler, 61 
off a boiler, 3 
while hot, caused leaky seams and 
tubes, 61 
“Blowing-up”’ acids, 359 
Blow-off cocks may leak, 61 
““straightway,’’ 61 
pipe biocks, protective, 168 
boiler, 81 
protection, 167 
surface, using the, 63 
tanks, saving heat from, 788 
valve, seatless, 450 
Boards, panel, or boxes, 838 
weir, 940 
Body, high temperature and its heat, 
transfer of, to known quantity 
of water, 997 
Boiler annoyances and dangers, 
for, 56 
bad feed water in Stirling, 117 
material, workmanship and fittings, 


blame 


Bigelow Hornsby, baffling in, 119 
water tube, 117 
blowing down the, 61 
blow-off pipe, 81 
blown off while hot, caused leaky seams 
and tubes, 61 
boiler furnaces, 49 
braces, A. S. M. E. code for, 84 
calculating a, 86 
equation for, 86 
rule for, 85 
from equation, 87 
strength of, 85 
bricks required for setting, 1058 
for burning natural lignite, 180 
bursting and collapsing strength, 47 
chimneys, furnacesand stokers, 124 
circulation in, 77 
of water in a, 684 
water screen in, 191 
closed feed water heaters, 289 
commercial horsepower of, 74 
conditions of draft, grate surface, fuel 
and management, 74 
and equipment, 6 
connections with engine, 12 
construction defects, 92 
requirements, 57 
corrosion, preventing, 294 
description of Stirling water tube, 112 
design, steam, 57 
destroying forces, 53 
distilled water for, 65 
don’t empty while hot, 61 
dry pipe, 84 
economizers, steam, 272 
and engine connections, 12 
heat losses, 236 
pipe connections, 12 
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Boiler estimates, advertising for, 56 
evaporation, 200 per cent, 55 
evaporative tests, 236 
explosions, 456 
familiarity and danger, 58 
feed check valve, 81 

pipe, 80 
underground, 81 
or pressure pumps, 1063 
pumps, 60—384 
to find dimensions of, 374 
selecting a, 81 
regulation, 257 
water, deaereation or removal of 
air from, 276 
heat units absorbed by, 288 
heaters, 288 
open, 289 
heating, 285 
initial temperature and_ boiling 
points of, 285 
meters, 261 
regulator, Williams, 260 
required per horsepower, 286-287 
per hour, 286 
fire brick, masonry, 164 
sheets, 54 
firing, directions for, 26 
excessive, 55 
with shavings or refuse, 77 
foaming and priming, 62 
free carbonic acid in, 71 
furnace baffle, turner, 175 
baffling, O’Brien, 111 
boilers, 49 
construction of back arch, 169 
deterioration with powdered fuel, 191 
fires, banking of, 26 
building a, 60 
forcing a, 28 
walls, monolithic, 173 
hand cleaning, 257 
for hard water, 77 
linings, moulded brick, 171 
setting of grates in a, 47 
temperature, maintain a steady, 28 
weight of air fed to, 243 
gage or try cocks, 82 
hammer test, 72 
head braces, calculating, 89 
minimum length of, 91 
number of, 91 
bracing, 87 
pore supported by shell and tubes, 


header reseating machine, 269 
heat transfer in, 57 
heating surface, 40 
per horsepower, 73 
horizontal cylindrical, fire line, 46 
tubular, 79 
heating surface of, 1058 
horizontally set, pitch of, 47 
horsepower, definition of a, 41 
impossible to examine or clean, 57 
improvements in calking, 76 
incrustation and sediment, 290 
remedy for, 290 
chemicals for, 291 
inspector should “‘crawl,’’ 72 
internal feed pipe, double, 684 
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Boiler load, distribution of, 251 
locomotive or firebox, 79 
long, suspended, 59 
losses, useless vs. overload, 56 
low water in, 62 
maker’s standard, American, 40 
material, defective, 53 
O’Brien water tube, 107 
old, with superheaters, 283 
overload, 100 per cent, 55 
plates, blisters on, 68 
corrosion of by ‘sulfur in coal, 70 
steel, strength of, 40 
strength and rivet section, 98 
weight per square foot of, 30 
poor, cause of, 52 
power for heating swimming pool, 1001 
provide sufficient, 56 
required by steam pump, 360 
surplus, 77 
preservative action of zine, 67 
pressure, increasing for more _ horse- 
power, 23 
priming and foaming in, 62 
put zine in metallic contact with, 68 
rating, 74 
rating by feed water, 286 ‘ 
peseromcnls for satisfactory working, 
4 


return tubular, calculating horsepower 
from the heating surface, 101 
room instruments of necessity, 261 
record, keep a, 256 
rule for laying up, 29 
rules, common sense, Violation of, 58 
safe working pressure, A. S. M. E. rule 
or, 100 
calculating, 100 
U.S. rule for, 100 
safety or economy?, 58 
at high pressure, 72 
a safety valve for each, 27 
scale, 65 
causes loss of heat, 291 
from sulphate of lime, 291 
treatment of, 34 
seams, calking under pressure, 27 
sections, single plate, 76 
setting air leaks, stopping, 174 
air through, 242 
loss caused by ignorance, 59 
passage of air through, 242 
safeguard expansion and contraction 
in, 59 
steam, 59 
the uniflow, 122 
for shavings or refuse fuel, 77 
side-walls and closing, 105 
size of safety valve for, 80 
soft patch for, 69 
stacks, dimensions of concrete founda- 
tions for, 130 
steam, adaptability of, 58 
A. S. M. E. rating, 74, 75 
care of a, 59 
closing a, 26 
construction of, 53 
corrosion of by pure water, 70 
dome, 83 
economy of the, 58 
efficiency, 42_ 


INDEX 


Boiler steam, energy stored in, 52, 1055 
foreign matter in, 290 
forms of, 58 
gage, 82 
horsepower of, 72 
improvements in, 75 
inspection, 69 
leaks in a, 68 
opening a, 26 
overloaded, 54 
patching, 69 
pipe, 82 
pulsation in, 788 
rating by feed water, 286 
room, limited, 55 
safety of, 58 
selecting a, for driving a pump, 361 
selection of a, 76 
trimmings for, 80 
what is a?, 52 
zinc in, 67 
steel for, 79 
Stirling, baffles in, 114 
hand-fired, 115 
operation of, 116 
water tube, 112 
strained and burned, 55 
strength, 57 
surfaces, flat and stayed, 84 
suspension rods, turnbuckles in, 59 
and tanks, riveted joints for, 94 
test, hydrostatic, 71 
testing, 71 
through stays, 88 
too old and too small, 55 
tube cleaner, the Dean, 267 
the Roto, 269 
cleaning them, 62 
unequal expansion and contraction, 54 
uniflow, 12 
description of, 121 
features of the, 120 
vertical steam, 79 
washer, Hancock, 400 
operation of, 400 
water for use in, 64 
level, 2 
line glass, 82 
tube, 106 
computing heating surface of, 119 
wear and tear, causes of, 69 
zinc in externally fired, 68 
Boiling points of various substances, 1080 
and initial temperature of feed 
water, 285 . 
Bolts, foundation, for turbines, 586 
iron, weight and strength of, 1044 
patch, 69 
and round headed rivets, weight of, 1043 
“‘Booster’’ or mud-pump, 383 
single jet, 220 
steam jet, 219 
Bottom packing of vertical 
piston, 924 
Boxes, panel, 838 
stuffing, valve-stem, 16 
Braced surfaces, as pressure on, 87 
Braces, boiler, A. S. M. E. code for, 84 
calculating a, 86 
equation for, 86 
head, calculating, 89 


elevator 


INDEX 


Braces, boiler head, minimum length of, 91 
number of, 91 
rule for, 85 
strength of, 85 
diagonal, stress on, 90 
rule, boiler, from equation, 87 
Bracing boiler heads, 87 
Brakes, elevator, 890 
Branch pipes and mains, 1064 
Brasses, connecting-rod, 17 
liners for, 19 
tightening, 18 
Breaker, circuit, 817, 841 
vacuum, and relief valve with turbine 
exhaust piping, 587 


the Falls, 
Breaking phe Ceianationll: 634 
Brick, carborundum, to avoid clinker 


formation, 172 
chimneys, foundations for, 129 
fire, ‘“‘buttering”’ or dipping, 243 
masonry, 164 
radial, chimneys, 137 
laying, 137 
required for setting boilers, 1058 
shadow, 282 
and steel stacks, dimensions of, founda- 
tions for, 1 
walls, fire, cracks in, 167 
work, deterioration of with powdered 
fuel, 191 
Brine and expansion systems of refriger- 
ation, 832 
properties of, 1086 
pumps, 881 
refrigerating system, 852 
British thermal unit, 678 
and calories, 995 
oot required to condition air, 
refrigeration required for 1000 
feet of air, 882 
Broomell, heating system, 986 
Brushes, commutator, badly set, 775 
chatter of, 778 
give attention to, 770 
why they spark, 771 
make poor contact, 775 
singing or hissing of, 779 
Bucket carriers, pivoted, 211 
pivoted, ash conveyor, 213 
Buffers, elevator, terminal, 892 
Building baffle walls, 175 
a boiler-furnace fire, 60 
exposure allowances, 990 
heat losses from, 988 
Built right furnace walls stay tight, 167 
Built-in soot blower, 111 
Bulged boiler plates, 57 
Burn three kinds of fuel in one plant, 189 
Burned and strained boilers, 5 
Burners, Lopulco, 195 
Burning natural fanite. furnace for, 180 
oil, air supply for, 197 
atomization, 197 
chimney draft for, 201 
fuels, 197 
fundamental principles of, 197 
heat distribution, 197 
maintenance and operation, 197 
mechanical atomization, 198 
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Burning oil, steam atomizers for, 198 
three methods of, 197 
Bursting and collapsing 
boilers, 47 
Bushing and feather, safety valve, reas- 
sembly of, 467 
Butt conte double riveted, dimensions of, 


strength of 


quadruple riveted, dimensions of, 99 

triple riveted, dimensions of, 97 
“Buttering’’ or dipping fire bricks, 243 
Bypass oil filteration for turbines, 596 
By-passes, ammonia, 868 


Canes! carrying capacity and strands of, 


829 
elevator, fabrication, of, 931 
hoisting, care of , 930 
flattened strand, 1098 
haulage or transmission, 1099 
hoisting, 1098 
pliable, 1100 
nineteen-wire round strand, 1098 
wire, for inclined planes, 1101 
transmission of power by, 1097 
Cableway ash conveyors, 220 
Caking, free-burning and 
coal, 
Calculating a boiler brace, 86 
boiler head braces, 89 
safe working pressure, 100 
gear speeds, 665 
horsepower of an engine, 30 
mean effective pressure, 605 
reinforcing rings, 103 
return tubular boiler horsepower from 
the hearing surface, 101 
segment area, 91 
Calculation of cylinder diameters, 560 
of heating surface, 41 
of mean effective pressure, 561 
Calculations, belt, 658 
calorimeter, temperature, 435 
Calking boiler seams under pressure, 27 
improvements in, 76 
Calories and British thermal units, 995 
Calorific value of fuel oil, 200 
Calorimeter calculations, temperature, 


long-flaming 


instructions, separator, 440 
operating principle, 432 
separating, 436 
steam, 430 
throttling, 432 
advantages of, 436 
instructions, 434 
using the throttling, 434 


Cameron centrifugal pump, 385 


pump, operation of, 381 

steam pump, 380 
Cams, locking, for elevator doors, 896 
Can ice plant, De La Vergne, 865 
Candle-power, 739 

one, energy anioebe to produce, 1092 

Candle-wick packing, 1 
Capacity of air compressors, 957 

carrying, and strands in cables, 829 

coon carrier humidifying system, 


current carrying, of wires, 828 
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Capacity of cylinder in gallons, to find, 362 
and efficiency, 254 ; 
full, of pump, horsepower required by, 
368 


lifting, of a magnet, 704 

rating tag, safety valve, 461 

of reservoirs in gallons, 1048 

and sizes of Penberthy injectors, 405 

of U. S. injectors, 404 

and speed of centrifugal pumps, 1075 

of square cisterns, 1056 

of a steam pump, 366 

of suction ash conveyors, 220 

of tank heaters, 1003 

of wire for carrying current, 1093 

of wrought iron pipe, 1064 
Carbonate of lime, 66 

of lime and magnesia, 66 

of soda, 6 
Carbondale ammonia compression system, 

876 

Carbonic acid, free, in boilers, 71 
Carbons, arc lamp, life of, 816 

deposits, FOREN Se soft soap for, 

96 


dioxide, properties of, 1086 
or metallic turbine packing, 
from, 588 
packing for turbine shafts, 573 
Carborundum brick to avoid clinker form- 
ation, 172 
Card indicator from Corliss engine, 609 
from throttling engine, 623 
measuring a, 626 
showing valve leakage, 34 
steam chest, 610 
stroke, 610 
Car, elevator, safety switch, 892 
stops suddenly, when the, 901 
when it fails to stop, 901 
when it settles, 929 
switch elevator control, 895 
Care of air compressor valves, 959 
of alternators, 797 
of a boiler, 59 
of a commutator, 767 
of cylinder lubricator, 370 
of Diesel engine air compressor, 1025 
air receiver, 1025 
bearings, 1023 
fuel valve, 1024 
of electric elevator parts, 900 
of elevator enclosures, 929 
hoisting cables, 930 
safety devices, 934 
of engine main bearings, 18 
of the indicator, 617 
of jet condensers, 334 
and operation of electric elevators, 898 
of the slide valve, 16 
of the throttling governor, 21 
of turbine self-contained oil system, 593 
of water column, 3 
Carefully examine pumps, 35, 36 
Caring for turbines, 593 
Carnot cycle, the, 1008 
Carrier humidifying system, 
capacity of, 979 
pivoted bucket, 211 
Carrying capacity, allowable, of wires, 829 
and number of strands in cable, 82 


drains 


cooling 


INDEX 


Carrying conveyors, 210 
Cart or wagon ash disposal, 207 
Casing, wheel, aligning of turbine, 584 
Cast gear teeth, curves of, 662 
Cause of boiler priming, 7 
wear and tear, 69 

of chimney draft, 46 

of commutator sparking, 775 

and cure of priming and foaming, 27 

of flywheel accidents, 630 

of inspirator not working, 399 

of poor boilers, 12 

of smoke, 27 

of steam pressure, 51 

of turbine vibration, 581 
Cavity, exhaust, of slide valve, 43 
Celsius thermometer scale, 413 
Cement, air-set joints, 165 

for fire Pag insulbrix and hytempite, 


Center, dead, of engine, finding the, 34, 
1517 

Centigrade or Celsius thermometer scale, 
4 


1 
Centrifugal force, 680 
oil filter, 303 
pumps, 385 
alignment and balance, 392 
Allis-Chalmers, 386 
Cameron, 385 
gland-packing, 393 
hydraulically balanced, 392 
installation, 391 
multi-stage, 385 
priming, 393 
rules, 390 
snail-shell runner, 386 
speed and capacity of, 1075 
Chain grade stoker, Westinghouse, 155 
hange in governor-pulley, effect of, 47 
in expression of temperature, 995 
in plies panos 844 


Changing from condensing to non-con- 
densing, 344 
engine governor speed, 22 
from non-condensing to condensing, 344 
oil in turbines, 594 
batch system, 596 
slide-valve cut-off, 43 
turbine governor regulation, 598 
Characteristics of the O’Brien water 
tube boiler, 107 
of saturated steam, 1067 
harging refrigerating system with am- 
monia, 862 
valve and foot valve, 364 
Chatter of commutation brushes, 778 
Chattering of safety valves, 463 
Check alignment of pump and driving 
unit, 392 
the turbine foundation, 584 
valve, air compressor, 957 
boiler feed, 81 
hammering of, 453 
sawing, cushioned, 450 
Chemicals for boiler incrustation, 291 
properties of coal, 3 
hemistry and lubricating oils, 16 
Cnirneyen, Poulet) furnaces and stokers, 


INDEX 


Chimneys, brick, foundations for,.129 
radial, laying, 137 
concrete, soot collector, 142 
construction, 129 
draft, cause of, 46 
intensity, 124 
for oil burning, 201 
expansion linings, 139 
foundations, 129 
gas analysis, 223 
and furnace, temperature, 237 
samples, taking, 233 
volume of, 128 
ladders, 140 
lightening rods, 140 
proportioning of, 125 
purpose of, 124 
radial brick, 137 
remodelling of, 145 
should have a damper, 28 
sizes as determined by gas, 128 
by horsepower, 125-126 
soot collectors in, 140 
and wind pressure, 129 
Chloride of zinc, 683 
Chordal pitch of a gear, 670 
gear problems, 671 
Chronometer valves, adjustable, 449 
Circles, diameters, areas and circumfer- 
ences of, 1038 
Circuits, alternating, current, inductive 
action, 730 
long, 827 
breaker, 817 
breakers, 841 
closed, engine stop, current for, 632 
constant potential, 769 
control, distributing, 817 
distribution, size of wire for, 825 
drop of voltage in, 826 
inductive effect of, 737 
lamps, transformers, 814 
motor, external resistance in, 758 
resistance in, 764 
in open air, 817 
run them systematically, 824 
tests for polarity of, 837 
Circular lines of force, 719 
orifice, discharge of water through, 371 
pitch cf a gear, 670 
segments, areas of, 1045 ; 
Circulating pump with barometric con- 
denser, 335-337 é 
Circulation, boiler, water screen in, 191 
compressor, air-lift, 969 
furnace draft, 257 
jn steam boilers, 77 
steam, manner of, 985 
of water in a boiler, 684 
Circumferences, diameters and areas of 
circles, 1038 : 
Circumferential flow steam turbine, 570 
Cisterns, square, capacity of, 1056 
““C. J.,”’ coal meters, 950 
Clamps, pinch and glass cocks, 224 
Classification of coal, 178 
Clean the ash pit and grate, 60 
Cleaner, boiler tube, the Dean, 267 
the Roto, 269 
Cleaning analysis instrument, 232 
boiler furnace by hand, 257 
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Cleaning boiler tubes, 62 
dirty waiste, 687 
economizers with water sprays, 277 
feed water heaters, 298 
gas engine water jackets, 1029 
of incandescent lamps, 815 
an injector, 402 
and oiling elevators, 898 
surface condensers, 338 
turbine oil, 596 
Cleanout door and painter’s ring for 
stack, 132 
Clearance, and area of piston rods, 560 
axial, 569 
of compressor piston, 856 
engine cylinder, 38 
piston, 38 
equalizing, 44 
measuring, 38 
radial, 569 
and shroud rings, 575 
spaces of engines, 507 
steam engine cylinder, what is it?, 33 
of window sash, 990 
Clinker formation, avoid by carborundum 
brick, 172 
prevention of, 158 
Clinkering coal and rate of combustion, 60 
Close damper when fire door is opened, 60 
Ceylon ene ton enclosure doors always, 


water gage-cocks at night, 4 
Closed circuit engine stop, current for, 632 
feed water heaters, 288 
Closing; and boiler side-walls, 105 
down elevators, 930 
exhaust valve and compression, 327 
a steam boiler, 26 
Coal agitator, Negus-Tiffany, 156 
anthracite, directions for firing, 26 
(hard) and bituminous (soft), 178 
and semi-anthracite, 179 
and ash handling apparatus, 206 
burned per horsepower, 482 
chemical properties of, 31 
classification of, 178 
clinkering and rate of combustion, 60 
consumption, 1059 
cost of per annum, 1060 
difference in constituents of, 179 
dryers, 188 
evaporation of water per pound of, 30 
free purrs, caking and long-flaming, 
grinding, anthracite, MHardinge mill 
or, 188 
handling and ash disposal, 205 
hopper valves, 221 
with a hand stoker, 164 
meters, 938-949 
CO CENA Jest 510) 
middle-western, 179 
oil‘in air compressors, 969 
powdered, burning plant, the first, 188 
pulverization, fineness of, 189 
pulverized, conveying, 188 
fan distribution, 192 
moisture in, 189 
slagging of, 190 
syphon distribution, 192 
unusual burning in Ford plant, 195 
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Coal, Raymond and Fuller Mills for pul- 
verizing, 187 
saved per year with automatic engine, 
482 


saving, contracting for, 482 
semi-bituminous, Pocahontas, Windler, 
Georges Creek, New River, 
etc., 178 
sizes of anthracite and bituminous, 60 
soft lump, directions for firing, 26 
slack, directions for firing, 26 
sub-bituminous or black lignite, 178 
sulphur in, corrosion of plates by, 70 
typical American, analysis of, 181 
water evaporation of, 239 
per pound of, 73 
work in a pound of, 239 
Cocks, blow-off, may leak, 61 
“‘straightway,” 61 
boiler gage or try, 82 
glass and pinch clamps, 224 
try, or gages, 60 
with emergency valves, 448 
Code for boiler braces, A. S. M. E., 84 
Cohesion, 679 
Coils, armature, connection of, 730 
ring and drum, 743 
aspiring, 987 
commutated, 773 
field, multipolar, connection of, 757 
heater, Reilly, 297 
indirect heating, hot water in, 996 
for multipolar armatures, 756 
steam, heating pools by, 1003 
transformer, movement of, 847 
water cooling for turbine bearings, 572 
Cold but a sensation, 863 
mechanical, regulation of, 852 
not a physical property of matter, 863 
Cole valve, the, 159 
Collapsing and_ bursting 
boilers, 47 
Collecting rings, 707 
wollecior rings, commutator and vaseline, 


strength of 


soot, in chimney, 140 
for concrete chimney, 142 
Column, mercury, separation of in a 
thermometer, 413 
water, safety, 373 
Combination air compressor unloader, 971 
spring and gravity governor, 643 
Combustion, 243 
air required for, 238 
control, 236 
CO: and CO compared, 238 
and draft, 5 
efficiency, excess air detrimental to, 257 
fuel, economical, 242 
rate of, 246 
with clinkering coal, 60 
fuel control by, 247 
““Comma”’ blade wire, 578 
Commercial gases, composition and heat- 
ing value of, 202 
horsepower of boilers, 74 
thermometers, 413 
Commonest form of engine governor, 640 
ommon sense boiler rules, violation of, 


8 
Commutated coils, 773 
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Commutator, action of a, 772 
brushes badly set, 775 
chatter of, 778 
give attention, to, 770 
poor contact of, 776 
singing or hissing of, 779 
why they spark, 771 
care of a, 767 
causes of sparking, 775 
collector rings and vaseline, 797 
disturbance in of electrical balance, 782 
flashes, 777 
motors, 800 
rough, 775 
Compass, exploring, 697 
Fireman’s, the draft gage, 254 
Comparison of automatic and throttling 
regulation, 624 
of COz and CO combustion, 238 
of thermometer scales, 1079 
Complete sine curve, 724 
Composition and heating value of bagasse, 
185 


of commercial gases, 202 
of wood and wood refuse, 185 
Compound and shunt windings for motors, 
747 


automatic engines, point of cut-off in, 
564 


condensing engine, operating a, 339 
starting a, 342 
engines, 557 
cross, 559 
cylinders, rule for ratio of, 559 
warming-up, 342 c 
horsepower of, 564 
Landem, 559 
number of expansions required in, 559 
generator action, 748 
equalizing connections, 821 
switchboard for two or more, 819 
injector, the Eynon-Korting, 408 
noncondensing engine, finding horse- 
power of, 509 
pressure gages, 419 
pump, Worthington, 379 
steam pumps, 354-1073 
cylinders, 1074 ‘ 
wound Siam i starting two or more 


Compressed air distribution of pulverized 
fuel, 192 
driving engines with, 685 
Compressing air, 954 
ammonia, horsepower, 1089 
Compression, air, two-stage, 970 
ammonia system, Carbon dale, 876 
engine, increase of, 327 
and exhaust valve closing, 327 
given, to set Corliss valves for, 551 
marks on valve gear, 328 
overbalanced by piston leakage, 614 
side, 863 __ 
stroke 2, Diesel, 1014 
Compressometers, 419 
Compressor, air, belt drive, 957 
» capacity of, 957 
care of valves, 959 
check valve, 957 
combination unloader, 971 
cooling, thermo-syphon, 956 
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Compressor, air, cooling water, 956 
cylinder lubrication, 960 
for Diesel engine, care of, 1025 
discharge pipe, 956 
imperial piston steam valve, 968 
kerosene oil in, 969 
leaks, 954 
locating valve trouble, 959 
losses, 958 
lubrication, 955 
noise, 957 
plate valves, 960 
pressure, 955 
safety valve, 955 
single stage, 967 
- suction pipe, 956 
strainer, 956 
tank, 954 
unloader, 957 
valves, 959 
water valves, 967 
ammonia, 871 
diagram mean pressure of, 1090 
lubricating, 868 
valves, 871 
Worthington feather valve, 876 
circulation, air-lift, 969 
cylinder, ammonia, Vilter, 872 ; 
gasket and connections, test them, 854 
heat, air, 955 
oil, test for, 857 
piston, clearance of, 856 
receivers, explosions in, 970 
valves, air, Curtis, 964 
Gardner, duo-plate, 963 
Sullivan, 965 
end-rolling finger, 966 
ammonia, De La Vergne, 873 
De La Vergne standard, 873 
plate, Vilter, 871 
Sullivan, low pressure, 967 
Computing gear velocity, 666 f 
heating surface of a water tube boiler, 


9 
Concentrating lines of force, 710 
Concrete chimney soot collector, 142 
foundations for boiler stacks, dimen- 
sions of, 130 : : 
for brick and steel stacks, dimensions 
of, 130 
stacks, reinforced, 140 
reinforcing, 142 : 
Condensation, cylinder, overcoming of, 9 
heating surface, 994 
returning water of, 988 
surface, air required for, 981 
Condense steam, water required to, 325 
Condensers, 318 
air pump, speed of, 339 
ammonia, equalizing 
header, 868 ; 
counter current principle, 880 
suction and equalizing lines, 868 
amount of water required by a, 46 
auxiliary injection pipe to, 343 
barometric, action of, 335 
atmospheric relief valve, 337 
and circulating pump, 335-337 
location of, 335 
or syphon, 335 
water required by, 338 


and purging 
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Condenser, cost of operating, 330 
discharge water, testing, 343 
double tube, 331 
drive, direct connected, 329 
ejector, 318 
exhaust steam, 324 

installing, 326 
three types of, 329 
independent, drive for, 329 
regulation of, 343 
injection water, efficiency of, 326 
jet, care of, 334 
connecting to engine, 335 
independent, 332 
leaks, detecting, 337 
low-level multi-jet 319 
pipes should be kept clean, 855 
power increase by, 1073 
principle of, 736 
and pump, refrigeration, 85J 
pump run condensing, 335 
single tube, 330 
steam, action in a, 324 
surface, barometric and jet, 330 
cleaning of, 338 
efficiency of, 39 
Elliott-Erhart, 323 
removing grease from, 338 
when to use, 332 
sychronous, 736 
tubes, evidence of leaky, 337 
greasy, 331 
use of, 735 
vacuum breaker for, 333 
in a, 325 
regulation of, 340 
water supply and vacuum, 339 
Condensing, compound engine, operating 
a, 339 
engines, 564 
adjustment of valves, 326 
changing to non-condensing, 344 
compound, starting a, 342 
non, changing to condensing, 344 
side, 863 
turbines, 581 
shutting down a small, 591 
Conditioning, air, 977 
B.t.u. of heat required, 981 
Conducte tity. of surface equals ‘‘K,’ 
8 


Conduction of heat, 998 
Conductor, electric, change in resistance 
of, 998 
and insulators, electric, 705 
Cones ery materials, fusion of, 


Connecting multipolar field coils, 757 
cord, indicator, 616 
jet condenser, 335 
rod angularity and valve cut-off, 47 
brasses, 17 
liners for, 19 
tightening of, 18 
length of, 44 
Sarco steam traps, 311 
a sight feed lubricator, 372 
Connections of armature coils, 730 
between boiler and engine, 12 
of Corliss engine exhaust valves, 548 
double suction, 335 
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Connections, equalizing, for compound 
generators, 821 
and gasket, compressor, test them, 854 
to and from a header, 12 
lamp, for synchronizing generators, 794 
pipe, for engine and boiler, 12 
for pumps, 364 
pump suction, 355 
rod, to piston and cross-head, 18 
series and shunt, 745 
superheater, unit, 279 
steam header, 12 
Consolidated safety valves, installing, 461, 
467 


Constant potential circuits, 769 

rock drill, air, 1084 

speed alternating motor, 804 
Constituents of coals, difference in, 179 
Constructing indicator diagrams, 610 
Construction of back arch, 169 

chimney, 129 

defects of boilers, 92 

of De Laval oil purifier, 304 

of furnace for pulverized fuel, 193 

of high pressure hydraulic elevator, 

911 


multipolar, advantage of, 752 
of O’Brien water tube boiler, 103 
requirements of boilers, 57 
of a rotary transformer, 807 
of series transformers, 847 
of steam boilers, 53 
turbines, 568 
Constructive engine defects, remedy for, 
19 


Consumption of coal, 1059 
of current for water pumped, 391 
of fuel, Diesel engine, 1015 
of steam at fullstroke, 484 
by smoke prevention jets, 240 
per horsepower, 73 
Contact, arc of belt, 655 
poor, of commutator brushes, 776 
Contents of cylinders, 958 
of pipes and tanks, 1054 
Contest by balanced and natural draft, 
24 


Continual filteration oil cleaning, 596 
Continuous current generator, 716 
refrigeration operations, 863 
Contracting for coal-saving, 482 
Contraction, boiler, unequal, 54 
and expansion in boiler setting should be 
safeguarded, 59 
of a steam header, 13 
Control action of balanced draft, 252 
of air by steam demand, 246 
automatic for fire room, 202 
combustion, 236 
of distributing circuit, 817 
elevator, alternating current, 895 
automatic, dispatcher type, 897 
or push-button, 896 
by car switch, 895 
hand rope, 893 
rinciples of, 893 
relays or magnets for, 897 
types of, 893 
fuel, by rate of combustion, 247 
humidity, methods of, 980 
push button, of hydraulic elevators, 908 
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Control of stokers by balanced draft, 248 
system for elevators, multi-voltage, 897 
Controller, low-pressure, for hydraulic 
elevator, 918 
steam draft, 248 
Controlling altitude valves, 
cushioned, 450 
Convection of heat, 999 
Conversion, metric, 682 
Converter, rotary, 808 
transformers, 806 
voltage in a, 808 
Conveying pulverized coal, 188 
turbo blower for pulverized fuel, 197 
Conveyors, apron, 210 
ash, cableway, 220 
green steam jet, 214 
pivoted bucket, 213 
steam jet, 213 
vacuum, 212 
belt, 210 
carrying, 210 
drag or scraper, ash disposal, 208 
flight or drag chain, ash disposal, 209 
hydraulic or sluice, 212 
pan, 210 ; 
pneumatic, ash, 213 
the screw, 211 
suction ash, capacity of, 220 
CO:, absorption of, 230 
and air excess, 254 
or black smoke, 243 
and CO combustion compared, 238 
determination of, 229-232 
and fuel losses, 233 
meters, 948 
single and six unit, 948 
percentage, determination of, 231 
recorder, automatic, 234 
Foxboro-Heath, 441 
Cooling capacity of carrier humidifying 
system, 979 
coils, water, for turbine bearings, 572 
water, air compressor, 956 
lift, compressor circulation, 969 
for turbine bearings, 589 
Copes feed water regulator, 258 
operation of, 259 
Cord, connecting, indicator, 616 
Corliss ‘‘ blocked-up”’ governor, 46 
engine, card from, 609 
under back pressure, 620 
double eccentric valve gear, 553 
exhaust valve connections, 548 
ie eer for a given compression, 


automatic 


foundations of, 545 
to increase speed or power of, 24 
limit of cut-off, 45 
range of cut-off, 557 
rocker-arm, adjustment of, 550 
setting of exhaust eccentric, 554 
steam eccentric, 554 
stop, 
valve gear, adjustment of, 546 
setting of, 5 
governor cut-off, adjusting of, 552 
valve action, 487 
motion is direct, 45 
Correct furnace suction, 246 
Corrosion of boiler plates, 70 


INDEX 


Corrosion of boiler, preventing, 294 
by pure water, 70 
and economizers, 274 
interior of economizers, 276 
by sulphur in coal, 70 
Cost of coal per annum, 1060 
of cubic joc of water at 1000 gal. rate, 


of hand ash disposal, 214 
of operating condensers, 330 
Cotton waste, cleaning dirty, 687 
Counter current principle of ammonia 
condensing, 880 
Counterflow engines, 497 
skinner, 493 
Counterweighting plunger elevators, 924 
Course of steam in a turbine, 568 
Covering pipe, value of, 992 
Coxe stoker, 148 
Cracks in fire-brick walls, 167 
in oil engine crankshafts, 1029 
Craig damper regulator, 265 
Crankshafts, oil engine, cracks in, 1029 
Crank-pins, hot, 17 
troublesome, 17 
Cripps, heating system, 986 
Critical speed of turbine engine, 581 
turbine speed, 591 
Cross compound engines, 559 
head key-seat, filing of, 18 
lubrication, 15 
and piston rod connection, 18 
Crude petroleum, 67 
Crushing strength, 679 
Cubic feet and gallons, 1050 
water cost at 1000 gal. rate, 1051 
foot of fresh water, weight of, 30 
of wrought iron, weight of, 30 
Cup peeking) leather, for elevator valves, 
3 


Cupro nickel, 578 
Cure, permanent, for priming and foam- 
ing, 
for priming and foaming, 27 
Current, alternating, 717 
distribution, 809 
and e.m.f., relations between, 720 
reducing lag of, 799 
represented by sine curves, 724 
and the sine curve, 722 
carrying capacity of wires, 828-1093 
for closed circuit engine stop, 632 
consumption for water pumped, 391 
direction, effect of, 709 
distribution, alternating, medium dis- 
tance, 810 © 
short distance, 809 
long distance alternating, 810 
flow and magnetic repulsion, 699 
fusing, of wires and metals, 830 
generator, continuous, 716 
pulsating, 777 
and impressed e.m.f., 734 
induced, self induction, 726 
induction motor, 803 
periodic, 721 ' 
principles, alternating, 715 
strength, uniform, 712 
there are no multiphase, 728 
of uniform strength, 712: 
wattless, 734 
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Current, through a wire, direction of, 700 
wire fusion, 1094 
moved generated, 703 
Curtis, air compressor valves, 964 
stage, 579 
turbine, 570 
nozzle plate, 573 
Curve adiabatic, 608 
approximation of adiabatic, 609 
of cast gear teeth, 662 
diagram, sine, 727 
isothermal, 608, 668 
sine, and alternating currents, 723 
complete, 724 
representing alternating currents, 724 
theoretical, the, 606 
Curvilinear seams, 680 
Cushion, air, in turbine oil systems, 595 
of engine piston, 45 
Cushioned controlling altitude valves, 
automatic, 450 
swing check valves, 450 
Cut Dearie and armature displacement, 


Cut-off, alter the point of, 490 
automatic, defined, 44 
Corliss engine, range of, 557 
extra safety valve lever, 457 
governor, adjusting of Corliss, 557 
limit of Corliss engine, 45 
most economical point of, 625 
point of in compound automatic 
engines, 564 
of in high-pressure cylinder, 564 
postive (oh “drop’’ valve movement, 


and ratio of expansion, 512 

slide-valve, changing of, 43 

of valve and connecting rod angularity, 
47 


riding, setting a, 533 
setting of, 531 
Cutter, packing, handy, 1030 
‘‘Cutting-in’’ generators, 769 
Cutting pipe to order, 370 
screws in a lathe, 686 
of fine pitch, 686 
Cycle, the Carnot, 1008 
of Diesel operations, 1014 
of operations, ‘‘SI,’’ 1019 
of the gas engine, 1010 
refrigeration, the, 863 
Cylinder ammonia compressor, Vilter, 872 
clearance, engine, 30-38 
steam engine, what is it?, 33 
compound engine, warming-up, 342 
steam pump, 1074 
condensation, overcoming of, 9 
contents of, 958 
diameters, calculation of, 560 
Diesel engine: to test for equal work, 
1 


elevator, protect from frost, 929 
engine, initial pressure in, 615 
rule for ratios of, 559 
to find capacity of in gallons, 362 
head gaskets, Diesel engine, 1032 
high-pressure, point of cut-off, 561 
indicated h.p. of, 1078 
lubrication, 370 
air compressor, 960 
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Cylinder lubricator, care of, 370 
oil, selection of, 15, 506 
and piston knocks, 18 
re-evaporation, overcoming of, 9 
steam, of refrigerating machines, 860 
and water, size of for pumps, 360 
water and steam, pump, ratio of, 366 
or wheel casing, alignment of, 584 
vacuum, water-jacketed, 328 
Cylindrical slide valve, 486 


Damser regulation, 236 
regulator, Craig, 265 
P. & S. standard, 265 
regulating the, 262 
should be closed when fire door is open, 
60 


be put in chimney, 2 
Dangerous, a little pera 991 
Dangers and annoyances, boiler, blame 


or, 
of familiarity with boilers, 58 
from foaming and priming, 63 
Data, elevator, useful, 931 
fuel oil, 201 
steam pump, 362 
ventilation, 1005 
Deaerating of feed water, 65 
Deaereation process, the Elliott, 293 
Dead center of engine, to find, 517 
finding the, 34 
and live sides of armature coils, 744 
weight of pressure gage tester, 419 
Dean boiler tube cleaner, 267 
Decimal equivalents of an inch, 1082 
of a foot, in inches, 1082 
Decomposition of animal oil, 15 
Deconcentration, the Hagan process, 292 
Defective boiler material, 53 
Defects, constructive of engine, remedy 
for, 19 
construction, of boilers, 92 
of the slide valve, 486 
Definition of automatic cut-off, 44 
of a boiler horsepower, 41 
Dehumidifying, 980 
Dehumidifier, spray-type, 981 
DeLaval oil purifier, 303 
construction, 305 
De La Vergne ammonia 
valves, 872 
can ice plant, 865 
“DH” heavy oil engines, 1018 
discharge valve, 874 
““FH’’. oil engines, 1018 
““SI”’ oil engines, 1019 
standard compressor or valve, 873 
valve, gas cushioning device, 874 
Demand, steam, air controlled by, 246 
Department of service, elevator, 902 
Deposits of carbon in air compressor, 
soft soap for, 9 
Description of gas analyzer, 877 
of Stirling boilers, 1 
of the uniflow boilers 121 
Design of slow speed engines, 481 
of steam boilers, 57 
Details of high pressure hydraulic ele- 
vator, 911 
of a steel stack, 132 


compressor 
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Detecting condenser leaks, 337 
presence of animal oil, 597 
Deterioration of _ brick 
powdered fuel, 191 
Determination of atmospheric pressure 


of CO, 232 
of COz, 229 
percentage, 231 
of oxygen percentage, 231 
Device, automatic, terminal, 
stopping, 892 
elevator safety, 892-932 
eare of, 934 
for gas cushioning compressor valves, 
De La Vergne, 874 
Hoppe’s, for meter integrating and 
recording, 941 
Dew-point or differential thermostat, 980 
and relative humidity, 980 
temperatures, 979 
and wet-bulb temperatures, 982 
a BMS hes Reavy oil, De La Vergne engines, 
1018 


work with 


elevator 


Diagonal braces, stress on, 90 
Diagram analysis, indicator, 603 
automatic engine, 618 
from surgmati and throttling engines, 
2 
eccentric, 613 
factor, 509 
indicator, 616 
automatic engines, 618 
constructing, 610 
measuring a, 626 
throttling engine, 623 
mean pressure of ammonia compressor, 


sine curve, 727 
Diameters, areas and circumferences of 
circles, 1038 
of cylinders, calculation of, 560 
effective, of pipe, 356 
of exhaust pipe, 507 
of a Bear, Dumber of teeth and pitch of, 


of pump discharge nozzle, 369 
suction pipe, 369 
water cylinder, to find, 376 
piston, to find, 367 
of steam pipe for an engine, to find, 506 
Diametrical pitch of a gear, 670 
Diaphragm governor, Fisher, 476 
type recording gages, 425 
Diesel admission stroke, 1, 1014 
compression stroke, 2, 1014 
cycle of operations, 1014 
engine epee and exhaust valves, 


air and exhaust valves, 1025 
compressor, care of, 1025 
receiver, care of, 1025 

bearings, care of, 1023 

cylinder-head gaskets, 1032 

cylinders, to test for equal work, 1028 

fails to start, 1026 

fuel consumption, 1015 
pump, 1015 
valve, care of, 1024 

Fulton, starting mechanism of, 1016 

lubricating system, 1015 
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Diesel engine lubrication, 1020 
operating, 1020-1022 
piping, 1025 
pointers, 1028 
pound or knock in, 1027 
smoke while running, 1027 
starting, 1021 
stopping a, 1023 
typical European, 1013 
when it loses speed, 1028 
they fail, 1026 
run irregularly, 1028 
working piston, 1025 
exhaust stroke, 4, 1015 
general instructions, 1020 
ignition fails at starting, 1026 
oil engines, 1012 
allis-Chalmers, 1016 
the Fulton, 1013 
pistons, poor lubrication of, 1031 
power or expansion stroke, 3, 1014 
semi, engine, behavior of a, 1028 
difference in constituents of coals, 179 
oil engines, 1018 
Differential, or dew-point thermostat, 980 
draft recorder, Uehling, 263 
pressure recorder, Uehling, 421 
Prpeenaions) OF boiler feed pump, to find, 
of concrete foundations for boiler 
stacks, 130 
for brick and steel stacks, 130 
of double riveted butt joints, 96 
lap joints, 96 
of pop safety valves, 466 
of quadruple riveted butt joints, 99 
of riveted lap joints, 95 
of triple riveted butt joints, 97 
Dioxide, sulphur, properties of, 1081 
Dipping or ‘‘Buttering”’ fire bricks, 243 
Direct and indirect valve motion, 44 
Direct acting and flywheel pumps, 352 
pumps, objections to, 354 
connected condenser drive, 330 
coupled alternators, 792 
starting in pore 796 
current and alternating current gen- 
erators, 708 
elevator machines, motors for, 889 
generator, 716 
and motors, 742 
motors, 758 
wiring for, 831 
expansion refrigeration system, 852 
motion of Corliss valves, 45 
Directions for boiler firing, 26 
current, effect of, 709 
through a wire, 700 
of grain, strain in, 680 
of lines of force, 697 
Dirty waste, cleaning, 687 
Dise and shaft turbine rotor, 581 
throttle valves, pilot, 477 
Discharge nozzle, pump, size of, 369 
pipe of air compressor, 956 
valve, De La Vergne, 874 
velocity in pipes, finding, 370 
water, condenser, testing, 343 
of water in gallons per minute, 371 
through circular orifice, 371 
a ring orifice, 371 
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Dismantling a generator, 766 
Dispatcher type of automatic elevator 
control, 897 
Displacement of armature and cut bear- 
ings, 781 
effect of, 780 
of drum-type armature, 781 
Disposal of ash by drag or scraper con- 
veyor, 208 
by hand, cost of, 214 
and handling coal, 205-206 
with pulverized fuel, 191 
by mruce chain or flight conveyors, 


by wagon or cart, 208 
systems for ash, 206 
Dissolved mineral impurities in water, 64 
Distilled make-up water, 65 
water for boilers, 65 
system for ice-making, 867 
Distributing circuit control, 817 
Distribution of alternating current, long 
distance, 810 
medium distance, 810 
short distance, 809 
of boiler load, 251 
circuits, size of wire for, 225 
compressed air of pulverized fuel, 192 
electrical, three-wire, 822 
fan, of pulverized coal, 192 
of heat in burning oil, 197 
syphon, for pulverized coal, 192 
Disturbance in commutator of electrical 
balance, 782 
Division of alternator load, 796 
Do you do these things?, 10 
Dome, steam boiler, 83 
weakness of, 83 
Don’t caulk seams under pressure, 27 
empty a boiler while hot, 61 
open safety valves suddenly, 27 
wait for safety limit to be reached, 35 
Doors, elevator enclosure hatch, always 
close, 901 
lock cams, elevator, 896 
elevator hoistway, 897 
open to fire, close damper, 60 
“Dope” for pipe threads, 684 
Double belts, driving power of, 658 
decker elevators, 913 
dial tachometers, 636 
eccentric Corliss valve gear, 553 
flow turbines, 578 
internal feed pipe, 684 
pipe refrigerating machine, Vogt, 875 
riveted butt joints, dimensions of, 96 
lap joints, dimensions of, 96 
service feed water heater, 299 
suction connection, 355 
tube condensers, 330 
injector, the metropolitan, 409 
or positive injectors, 396 
pressure gages, 416 
Down-draft furnace, 145 
firing a, 146 
the O’Brien-Hawley, 145 
Draft Sppare hee balanced, operation of, 


balanced, 245 
advantages of, 240 
control action, 252 
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Draft, balanced and natural in contest, 
245 
stoker control, 248 
chimney, cause of, 46 
for oil burning, 201 
circulation, furnace, 257 
controller, steam, 248 
and fuel bills, 5 
gage is the fireman’s compass, 254 
multi-connected, 255 
intensity, chimney, 124 
and its regulation, 152 
recorder, Uehling differential, 263 
relation indicator, 254 
Drains for turbines, 588 : 
from carbon or metallic turbine packing, 
5 ; 
turbine, low pressure, 580 
Drill, rock, air constants, 1084 
required by, 1084 ' 
Drag or scraper conveyor ash disposal, 207 
Drive, belt, for air compressor, 957 
for direct connected condenser, 329 
for independent condenser, 330 
traction elevator, safety feature of, 888 
Driving engines with compressed air, 685 
power of belts, 651 
of double belts, 658 
of single belts, 657 
unit and pump, check alignment of, 392 
Drop (air lift), 975 
forged steel valves and fittings, 452 
of steam pressure, slight, 252 
valve movement or positive cut-off, 480 
of voltage, in circuits, 826 
formula for, 826 
Drum armature winding, 743 
winding of, 744 
indicator, applying pencil to, 617 
and ring armature coils, 743 
spring, indicator, tension of, 617 
type armature, displacement of, 781 
electric elevators, 886-888 
turbine rotor, 579 
Dry pipe, boiler, 84 
saturated steam, expansion with, 451 
vacuum pumps, duplex, 377 
Dryers for coal, 188 
Dummy rings, 577 
Dee piste air compressor valves, Gardner, 
63 


Duplex dry vacuum pumps, 377 
pump water-ends, 332 
steam pumps, 1061 
Dutch oven with underfeed stokerf 158 
Duty, Engineer’s, on leaving a plant, 31 
engines, heavy, 490 
of a pumping engine, to find, 375 


Each boiler must have a safety valve, 27 


Ebullition, 64 

Eccectric advance, effect of, 621 

Eccentric commutator, 775 
diagrams, 613 
double, Corliss valve gear, 553 
engine, out of place, 611 
shaft-governor, arrangement of, 44 
steam, Corliss engine, setting of, 554 

engine, effects of moving, 612 

straps, watch the, 20 
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Eccentric straps, when they heat, 20 
Economical engine, the most, 490 
fuel combustion, 242 
most, point of cut-off, 625 
Economizer cleaning with water spray, 
277 


and corrosion, 274 

Foster type, 276 

integral or external, 272 

and interior corrosion, 276 

steam boiler, 272 

Stirling integral, 274 

superheaters—feed water heaters, 271 
Economy in generation of high pressure 

steam, 7 

increased by superheaters, 283 

in operation of steam engines, 21 

of the plant machines, study it, 35 

or safety of boilers, 58 

of the steam boiler, 58 

in steam plants, 5 

turbine, 580 

and work of engine, increased, 22 
Effective pipe diameter, 356 

pressure, mean, approximating, 606 

calculations, 560-605 
by ordinates, 605 

Effects of ammonia on pipes, 861 

of armature displacement, 780 

of current direction, 709 

of eccentric advance, 621 

of governor-pulley change, 47 

inductive, of circuits, 737 

of moving steam engine eccentric, 612 

of too-small steam pipe, 611 
Efficiency and capacity, 254 

Soin uso excess air detrimental to, 


of condenser injection water, 326 
requirements, steam, 236 3 
steam boiler, 42 
of surface condenser, 39 
Bhrhart-Elliott air ejector, 320 
Ejector, air, Elliott-Ehrhart, 320 
steam, saving of heat made by, 322 
condensers, 318 
exhaust, 319 
Elastic limit, 679 
suspension of rotor, 581 
Elasticity, 679 
of water and of steam, 50 
Elbows, impact and steam jet, 219 
ninety degree, steam jet, 217 
Electric alarm pressure gage, 419 
conductor, change of resistance in, 998 
elevators, care and operation of, 898 
drum type, 886-888 
parts, care of, 900 | 
traction type, 886 
and hydraulic elevators, 886 
Electrical balance, disturbance of in 
; commutator, 782 
distribution, three-wire, 822 
formula, 1092 
heating equations, 996 
measurements and units, 739 
Electrically operated valves, 447 
Electricity, elementary, 694 
and magnetism, 694 
Electromagnets, 695 
Electromagnetic induction, 704 


INDEX 


Electromotive force, 704 

and alternating current, 

between, 720 

of batteries, 1092 

highest induced, 718 

impressed, 725 

and current, 734 

Elementary electricity, 694 
Elevate water, horsepower required to, 


relations 


3 
Elevation (air lift), 975 
Elevator automatic terminal 
device, 897 
brakes, 890 
auxiliary, 890 
cables, lubrication of, 931 
car fails to stop, when the, 901 
safety switch, 892 
stops suddenly, when the, 901 
when it settles, 929 
cleaning and oiling, 898 
closing down, 930 
eaeetrusHon, high pressure hydraulic, 
11 


stopping 


control, alternating current, 895 
automatic, dispatcher type, 897 
or push-button, 896 
by car switch, 895 
hand rope, principles of, 893 
relays of magnets for, 897 
system, multi-voltage, 897 
types of, 893 
counterweighting, plunger, 924 
cylinder frost protection, 929 
data, useful, 931 $ 
details, high pressure, hydraulic, 911 
door lock cams, 896 
““double-decker,’’ 913 
drive, traction, safety feature of, 888 
electric, care and operation of, 898 
of parts, 900 
drum type, 886-888 
hydraulic, 886 
traction type, 886 
emulsive oil for, 928 
enclosures, care of, 929 
gears, 888 
governor switches, 892 
guides, lubrication of, 931 
hand rope control, 893 
hatch enclosure doors, always close, 901 
pressure hydraulic, 909 
speed governor, 916. 
high-speed, 886 
hoisting cables, care of, 930 
hoistway door lock, 897 
horizontal high pressure, 913 
hydraulic, automatic stop valve, 913 
differential or pilot valve, 906 
-““Gear’’ of, 903 
horizontal, 903 
low-pressure controller, 918 
stop valve for, 920 
lubricating of, 931 
push button control of, 908 
vertical, 903 
water for, 927 
levelling zone, 890 
machines, direct current, motors for, 889 
micro-drive, 890 
motors, 889 
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Elevator oe for alternating current, 


two-speed, induction, 889 
multi-voltage balancer, 897 
operation, pilot valve, 905 
overhead sheave bearings, lubrication 

of, 931 
piston rods, packing of, 927 
plunger, 923 
pressure tanks, leaks in, 931 
roping, ratio of, 887 
safety devices, 892-932 
care of, 934 

governor, 934 

wedge plank, 933 
service department, 902 
slack cable switches, 892 
slow-speed, 887 
terminal buffers, 892 
traction, gearless and geared, 886 
valves, leather cup packing for, 930 
vertical, 903 

packing cylinder valves, 926 

piston from bottom, 924 
from top, 925 
Elliott ‘‘Class A’’ steam trap, 307 
deaeration process, 292 
Ehrhart air ejector, 320 
surface condenser, 323 
steam ejector, 322 
Emergency governor, turbine, 598 
testing, 593 
relief in ammonia accidents, 883 
trip, testing of, 599 
valves in try cocks, 448 
three-way, 467 
Empty a boiler while hot, don’t, 61 
Emulsive oil for elevators, 928 
Enclosures, elevator, care of, 929 
End-rolling finger valves, Sullivan, 966 
Energy required to produce one candle 
power, 1092 
stored in steam boilers, 52, 1057 
Ingine, aligning with direct coupled shaft, 


Allis-Chalmers, Diesel oil, 1016 
automatic, 537 
coal saving per year with, 482 
compound, point of cut-off, 564 
diagrams from, 618 
heat losses, 236 
pipe connections, 12 
and throttling, diagrams from, 622 
bearings, Diesel, care of, 1023 
boiler feed water required per horse- 
power, 286 
card from Corliss, 609 
changing from non-condensing to con- 
densing, 344 
clearance spaces, 507 
compound, 5 
condensing, operating a, 339 
starting a, 342 
horsepower of, 564 
noncondensing, finding horsepower 
of, 509 
number of expansions required in, 559 
warming-up cylinders, 342 
compression, increase of, 327 
condensing, 564 
adjustment of valves, 326 
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Engine connection with boiler, 12 


constructive defects, remedy for, 19 

Corliss, adjusting governor cut-off, 552 
adjustment of rocker-arm, 550 
under back pressure, 620 
compression, 551 
counterflow, 497 
double eccentric valve gear, 553 
exhaust valve connections, 548 
foundations of, 545 
to increase speed or power of, 24 
limit of cut-off, 45 
to set exhaust valves for a given 
setting of exhaust eccentric, 554 

steam eccentric, 554 

crankshafts, oil, cracks in, 1029 

cross compound, 559 

cylinder clearance, 38 
compound, rule for ratio of, 559 
Diesel, to test for equal work, 1028 
initial pressure in, 615 

diagrams, eccentric, 613 

pice e dat ton and exhaust valves, 

15 


air and exhaust valves of, 1025 
care of air compressor, 1025 
of air receiver, 1025 
of fuel valve, 1024 
cylinder-head gaskets, 1032 
fuel consumption, 1015 
pump, 1015 
lubricating system, 1015 
Diesel oil, 1012 
the Fulton, 1013 
piping of, 1025 
pound or knock in a, 1027 
smoke while running, 1027 
starting, 1020 
when it fails to start, 1026 
when it loses speed, 1028 
when they fail, 1026 
working piston, 1025 
driving with compressed air, 685 
eccentric advance, effect of, 621 
out of place, 611 
steam, effects of moving, 612 
economy and work, increased, 22 
European uniflow, 500 
example of high speed, 481 
exhaust and admission, independence 
required between, 487 
expanding air in an, 685 
to find dead center of, 517 
finding dead center of, 34 
horsepower of an, 30 
the first gas, 1011 
flywheels, advantages of, 34 
weights of per horsepower, 508 
weight rules for, 508 
formula, steam, 513 
foundations, 483 
full-stroke wasteful, 485 
Fulton Drvsed starting mechanism of, 
101 


gas, advantages of a, 1008 
atmospheric pressure, 1010 
cleaning water jackets of, 1029 
cycle operations, 1010 
four-stroke-cycle, 1011 
the Otto, 1011 
source of power in, 1010 


INDEX 


Engine gas, two-stroke-cycle, 1011 


governor, commonest form of, 640 
combination spring and gravity, 643 
Gardner, spring, 641 
Porter-Allen, 544 
speed, changing of, 22 

“hand” and “‘rotation,’’ 488 

heavy duty, 490 
oil, ‘‘DH”’ De La Vergne, 1018 

high grade desirable, 483 
speed, 48 

internal combustion, 1008 

, what is an?, 1008 

journals, heating of, 20 

location of an, 483 

locomotive, slide valve used on, 481 

lost motion, taking up, 34 

lubrication, Diesel, 1020 

main bearings, care of, 18 

McIntosh & Seymour, 544 

medium speed, poppet valve, 490 

the most economical, 490 

non-condensing, changing to  con- 

; densing, 344 

oil, ‘“FH”’ De La Vergne, 1018 
semi-Diesel, 1018 
“SI” De La Vergne, 1019 

operating Diesel, 1020-1022 

packing, gas, 1030 

piston, action of an, 484 
clearance, 38 
cushion, 45 

pointers, Diesel, 1028 

Porter-Allen, 538 
setting valves of, 542 
warming up a, 542 

pounding and knocking, 17 

proportions, approximate, 507 

pumping, to find duty of, 375 
to find horsepower of, 376 

reciprocating, 480 
aligning, 513 

regulation, automatic, 624 
comparison of automatic and throt- 

tling, 624 

repairs, make at once, 19 

Ridgeway, 494 

safety Grobe tachometers—movernors: 


semi-Diesel, 1012 

behavior of a, 1028 

suggestions for, 1030 
shaft-governor, to increase horsepower 

_ of, 23 
Skinner counterflow, 493 

_uniflow, 493 
slide valve, stationary, h.p. of, 1072 
slow speed, design of, 481 
small, feed water required by, 287 

should run at high speed, 480 
stationary, lubrication of, 15 
steam, aligning with shaft, 649 

the best, 480 

cylinder clearance, what is it?, 33 

diagram factor, 509 

economy in operation of, 21 

flywheels, 641 

gravity governor, 647 

greatest improvements, 33 

governors, 640 

ice-plant, lubrication of, 860 


INDEX 


Engine steam, lubrication of a, 14 
reserve power, 625 
rules and problems, 508 
uses of, indicator on, 615 
stop, closed circuit, current for, 632 
Corliss, 552 
mechanically operated, 633 
needed, 630 
speed limit, 636 
and throttle, the strong, 634 
stopping a Diesel, 1023 
when fire is heavy, 29 
tandem compound, 559 
throttling, best at light loads, 625 
to increase horsepower of, 22 
indicator cards, 623 
triple expansion steam, what is a?, 33 
typical European Diesel, 1013 
Uniflow, 495 
automatic auxiliary exhaust, 500 
oil, selection of valves, 505 
without heat-loss, 685 
weights of per rated horsepower, 508 
what is an automatic?, 489 
when they run ‘‘under” or ‘‘over,’’ 45 
why it pounds when vacuum is im- 
paired, 328 
York, setting steam valves, 503 
Uniflow, 502 
Engineer on assuming charge, 2 
duty on leaving plant, 31 
should be familiar with his plant, 4 
Epicycloidal gear teeth, 661 
Equalize port opening of main valve, 


‘ 


Equalizing and purging condenser, header 
868 

connections for compound generators, 
821 


piston clearance, 44 
and suction lines of ammonia condenser, 
8638 

valve lead, 45 

Equal work, testing Diesel engine cylin- 
ders for, 1028 

Equations, electrical heating, 996 

for boiler braces, 86 
Equipment, ice plant, 881 

lighting, 814 
Equivalents of an inch, decimal, 1082 
Erhart-Elliott surface condenser, 323 
Estimates, boiler, advertising for, 56 
Eternal vigilance the price of safety, 5 
European Diesel engine, typical, 1013 

uniflow engines, 500 
Evaporation, oil, latent heat of, 200 

re, overcoming of cylinder, 9 

rule for factor of, 102 

water, of coal, 239 

of water per pound of coal, 30-73 
Evaporative tests, steam boiler, 236 
Evidence of leaky condenser-tubes, 337 
Examine fusible plugs, 62 

pumps carefully, 356 

seats of safety valves, 457 

turbine oil strainer, 594 _ 
Example of high speed engine, 481 
Excess air and COs, 254 


detrimental to combustion efficiency, 
257 ? 


Excessive firing, 55 
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Exhaust and admission, independence 
required, 487 
valves, Diesel engine, 1015 
and air valves of Diesel engine, 1025 
cavity of slide valve, 43 
eccentric of Corliss, setting of, 554 
ejector, 319 
flanges, turbine, locating, 583 
with live steam, 994 
pipe, diameter of, 507 
re-heater in receiver, 340 
steam condenser, 324 
installing, 326 
three types of, 329 
injector, 394 
refrigerating machine, 868 
stroke 4, Diesel, 1015 
turbine, piping of, 587 
valves, automatic auxiliary, 500 
closing and compression, 327 
connections, Corliss engine, 548 
of Porter-Allen engine, to set, 543 
setting automatic auxiliary, 504 
Expanding air in an engine, 685 
steam in turbine, method of, 568 
Expansion, actual ratios of, 1077 
boiler, unequal, 54 
and Brine systems of refrigeration, 852 
and contraction should be safeguarded 
in boiler setting, 59 
of a steam header, 13 
direct, refrigeration system, 852 
with dry saturated steam, 451 
to find ratio of, 513 
Joints, 451 
limit of steam, 9 
of the slide valve, 486 
linear, of wrought pipe, to find, 500 
linings, chimney, 139 
of a liquid by temperature increase, 996 
in moving parts only, 576 
aamberrequired in a compound engine, 


or power stroke 3, Diesel, 1014 
Rateau, Zolly or single stage, 569 
side, 843 
of a solid by temperature increase, 997 
of steam, gain by, 490 
in turbines, allowance for, 570 
of wrought iron pipe, 1065 
Expansive use of steam, 9 
Expansively, use steam, 485 
Explanation of single-phase 
motor, 401 
Exploring compass, 697 
Explosions, boiler, 456 
in compressor receivers, 970 
Exposure allowances, building, 990 
EADrEsaony ot temperature, change in, 
9 


induction 


Extension to main shaft, aligning an, 

External or integral economizers, 272 
resistance in motor circuits, 758 

Externally fired boilers, zinc in, 68 

Extra safety valve lever, cut it off, 457 

Extractor, grease and water filter, 314 
oil, location of, 331 

Eyes, for the, 883 

Eynon Evans standard blowers, 972 
Korting compound injector, 408 
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Factor, diagram, 509 
of evaporation, rule for, 102 
power, 799 
Fahrenheit thermometer scale, 412 
Failure of Diesel engines, 1026 
to start, 1026 
ignition at starting, 1026 
of pump lift, priming, 358 
Falls, speed limit band, 631 
vacuum breaker, 634 
Familiarity with boilers and danger, 58 
Fan distribution of pulverized coal, 192 
ventilating, speed of, 992 F: 
Fastening turbine blades, methods of, 570 
Feather and bushing, safety valve, 
reassembly of, 467 
valve and ammonia compressor, 876 
Feature, safety of traction elevator drive, 
888 


of the Uniflow boiler, 120 
Feed, boiler, or pressure pumps, 1063 
pipe, boiler, 80 
internal double, 684 
of O’Brien water tube boiler, 110 
underground, 81 
pump, boiler, 384 
to find dimensions of, 374 
selecting a, 81 
boiler, poauned per horsepower, 286— 
28 


for steam boiler, 60 
turbine for pulverized fuel, 196 
water, bad, in Stirling boilers, 117 
deaereating of, 65 
heat units absorbed by, 288 
heaters, 288 
Alberger, multi-head, 298 
cleaning, 298 
closed, 289 
double service, 297 
economizers—superhearers, 272 
flushing out a, 296 
open, 209 
Reilly, coil, 297 
Webster, operating a, 295 
heating, 285 
impurities in, 290 
initial temperature and boiling points 
of, 285 
meters, 261 
rating steam boilers by, 286 
regulation, 257 
regulator copes, 258 
operation of the copes, 259 
Williams, 260 
removal of air from, 276 
required by small engines, 207-285 
per hour, 286 
should be analyzed, 28 
temperature, 6—287 
when it is low, 29 
Feet, cubic and gallons, 1050 
“FH” De La Vergne oil engines, 1018 
Field coils, multipolar, connecting, 757 
generator, with weak magnetism, 777 
magnetization, 750 
of armature, 786 
motor, ‘kick’ of the, 760 
of multipolar generators, 753 
Files hand stoker, 163 
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Filing cross-head key-seat, 18 3 
Filling of fusible plugs, renew occasionally, 


Filter, centrifugal oil, 303 
grease extracting, 311 
oil, multiple stationary, 302 
traps—separators, 302 
water and grease, extractor, 314 
Filteration, continual, oil cleaning, 596 
of oil, bypass, for turbines, 596 
Finding dead center of an engine, 34-517 
diameter of pump water cylinder, 376 
piston, 367 
of steam pipe for an engine, 506 
dimensions of a boiler feed pump, 374 
discharge velocity in pipes, 370 
duty of a pumping engine, 375 
horsepower of compound noncondens- 
ing engine, 509 
of an engine, 30 
of a pump, 363 
of a pumping engine, 376 
length of belt, 652 
linear expansion of wrought pipe, 506 
ratio of expansion, 513 
width of a belt, 652 
Fineness of coal pulverization, 189 
Fine pitch screws, cutting of, 686 
Finger valves, end-rolling, sullivan, 966 
Firebox or locomotive boilers, 79 
Fires, banking in boiler furnaces, 26 
boiler furnace, forcing A, 28 
bricks, “‘buttering” or dipping, 243 
cements, insulbrix and hytempite, 166 
joints too thick, 166 
masonry, 164 
walls, cracks in, 167 
building in a boiler furnace, 60 
clay joints, 165 
door open-damper closed, 60 
ene eee “stuffed” or ‘‘starved,”’ 
2 
heavy, stopping engine when, 29 
line of a horizontal cylindrical boiler, 46 
room automatic control, 202 
sheets, riveted, 54 
walls, furnace, momolithic, 173 
Fireman’s compass, the draft gage, 254 
Firing anthracite coal, 26 
boiler, excessive, 55 
a down-draft furnace, 146 
and furnace, bad, losses by, 237 
hand, ordinary, 256 
vs. stokers, 256 
poor, manufacturing loss by, 241 
with shavings or refuse, 77 
soft slack coal, 26 
lump coal, 26 : 
steam boilers, directions for, 26 
First eid oo aies for ammonia accident, 


duty of an engineer, 2 
gas engine, the, 1011 
measurement, making, 230 

powdered coal-burning plant, 188 
Fisher diaphragm governor, 476 

pump governor, 375 
Fittings and valves, steel drop forged, 452 

for boiler, bad, 56 

slide valves, 19 

valves, appliances, 446 


INDEX 


Flanges, turbine, steam and exhaust, 
locating, 583 
Flat and stayed boiler surfaces, 84 
Flattened strand cables, 1098 
Flashing of commutator, 777 
Flesh v.s. hair side of a belt, 659 
Flexible, turbine piping, 586 
Flight conveyors, refuse chain ash dis- 
posal, 209 
Float type recording gage, 424 
Flow and temperature of fuel oil, 200 
of current and magnetic repulsion, 698 
indicator, Royer, 943 
measurements, units of, 946 
meter, republic, 945 
Royer, 943 
oil-cup, starting, 684 
regulator, water, 234 
of steam through an orifice, 102 
of water in gallons through a straight 
pipe, 372 
through an orifice, 1053 
Flue gas, fuel heat in, 278 
Fluids, relation between pressure an 
velocity of, 946 : 
Fluid, soldering, 683 
Flushing out a feed water heater, 296 
Fluxes, soldering, 838 
Fly-ball governors, opposed forces in, 43 
steam turbine, 571 
Flywheel accidents, causes of, 630 
and direct-acting pumps, 352 
engine, advantages of, 34 
how they get loose, 33 
steam engine, 641 
weights per horsepower, 508 
rules, 508 
Foaming and priming in boilers, 62 
cause and cure for, 27 
dangers from, 63 
knocks caused by, 19 
permanent cure for, 63 
Foot, decimals of in inches, 1082 
pound of work, 678 
valve and charging pipe, 364 
For the eyes, 883 
For nose and throat if ammonia has been 
inhaled, 883 
For the skin, 883 
Forces, boiler-destroying, 53 
centrifugal, 680 
direction of lines of, 697 
electromotive, 704 
lines of, circular, 719 
of concentrating, 710 
magnetic, lines of, 698 
measured, 704 
opposed, in fly-ball governors, 43 
of steam, 52 
where it comes from, 50 
Forcing a boiler furnace fire, 28 
pump, queries, 351 f 
Ford plant, unusual pulverized 
burning features in the, 195 
Foreign matter in steam boilers, 290 
Forged, drop, steel valves and fittings, 452 
Formation of clinker, avoid with car- 
borundum brick, 172 
Forms of steam boilers, 58 
of turbine governors, 598 
Formula, electrical, 1092 


coal 
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Formula, intricate belt, not needed, 655 
pump, handy, 382 
for steam engines, 513 
for voltage drop, 826 
Foster radiant superheaters, 281 
type economizer, 276 
Foundation bolts for turbines, 586 
for brick chimneys, 129 
chimney, 129 
concrete, for boiler stacks, dimensions 
of, 130 
of Corliss engines, 545 
dimensions of, for 
stacks, 130 
engines, 483 
turbine, should be checked, 584 
Four-pass baffle, 114, 115 
pole generators, 754 
stroke cycle gas engine, 1011 
Foxboro-Heath COs: recorder, 441 
France packing, installation of, 878 
ring and segments, 878 
Free-burning, caking and long-flaming 
coal, 179 
carbonic acid in boilers, 71 
Friction in suction pipes, reducing, 355 
water head in pipe due to, 373 
in pipes, allowance for, 360 
loss by, 1052 
Treezing point, obtaining the, 415 
Frost se for elevator cylinder, 
Fuel, automatic supply of to Jones 
stokers, 159 
bed normal, 252 
thickening, steam pressure 
mal, 253 
thinning, steam pressure normal, 253 
combustion, economical, 242 
of Diesel engine, 1015 
control by rate of combustion, 247 
expense the largest, 5 
gaseous, 178 
heat in flue gas, 278 
injection nozzle, open, 1018 
losses and CO, 233 
oil, 185 
burning of, 197 
calorific value of, 200 
data, 201 
heating value of, 185 
indicator gage, 199 
temperature and flow of, 200 
and pressure of, 200 
powdered, deterioration of brick work 
with, 191 
pulverized, 187 
ash disposal, 191 
bin indicator for, 194 
compressed air distribution, 192 
conveying turbo blower, 197 
feed turbine, 196 
furnace construction, 193 
pump, Diesel engine, 1015 
shavings or refuse, boilers for, 77 
solid, liquid and pulverized, 178 
eee pulverized, the Lopulco, 194 
three kinds burned in one plant, 189 
unburned, falling through grate, 237 
valve, Diesel engine, care of, 1024 
various, producer gases from, 203 


brick and _ steel 


nor- 
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Fuller and Raymond pulverizing mills 


for coal, 187 


Full stroke, consumption of steam at, 484 


engine wasteful, 485 
using steam at, 484 


Fulton Diesel engine, starting mechanism 
6 


of, 101 
oil engine, 1013 
Function of the plain slide valve, 516 


Fundamental principle of oil burning, 197 


Furnace arches, suspended, 170 
baffle, turner, 175 
boiler, 49 
banking fires in, 26 
hand cleaning, 257 
setting of grates in a, 47 
stokers and chimneys, 124 
weight of air fed to, 243 
for burning natural lignite, 180 
and chimney gas temperature, 237 
construction of back arch, 169 
for pulverized fuel, 193 
deterioration with powdered fuel, 191 
down-draft, the O’Brien-Hawley, 145 
draft circulation, 257 
fire, boiler, forcing a, 28 
building a, 60 
““stuffed’’ or ‘‘starved,’’ 243 
firing a down-draft, 146 
and firing, bad, losses by, 237 
linings, boiler, moulded brick, 171 
using old, 172 
Murphy, operation of a, 152 
suction, correct, 246 
temperature, boiler, maintain a steady, 


walls built right stay tight, 167 
monolithic, 173 
patching with hytempite, 167 
Fusible plugs, examine the, 62 
lling, renew occasionally, 62 
life-limit, 62 
melting points of, 1081 
Fusing currents of wires, 830 
Fusion of cones of refractory materials, 
97 


currents, wire, 1094 


Gaze and absolute pressure, 681 


altitude, 419 

cock location, 105 

draft, is the fireman’s compass, 254 
multo-connected, 255 

glass, water out of sight in, 27 

illuminated dial, 419 

indicator, for fuel oil, 199 

mechanism, pressure, 415 

moyen ts, hydraulic and ammonia, 


pressure, 50 
ammonia, 419 
compound, 419 
double tube, 416 
electric alarm, 419 
ordinary movements, 417 
portable, test, 419 
single tube, 416 
test, 419 
testing, 417 
waterworks, 419 


Gage recorder, moisture-proof, 427 
recording, diaphragm type, 425 
float type, 424 ~ 
and recording instruments, 412 
steam boiler, 82 
should be tested, 61 
tank, pneumatic, 420 
tester, pressure, dead weight, 419 
or try cocks, 60-82 
types of indicating, 419 
wire, in common use, 1041 
Gain by expansion of steam, 490 
various by superheaters, 283 
Gallons capacity of a cylinder, to find, 362 
of reservoirs, 1048 
and cubic feet, 1050 
of water flow through a straight 
pipe, 372 
per minute discharge of water, 371 
Gardner, Kaoeiae air compressor valves, 


spring governor, 641 
Gas, ammonia, 867 
anhydrous, 859 
general information, 884 
per minute, 1088 
recovery of, 870 
analysis, chimney, 223 
preparing instrument for, 227 
analyzer, description of a, 225 
chimney, volume of, 128 
ous onns valve device, De La Vergne, 
4 


determination of size of chimneys, 128 
engine, advantages of a, 1008 
atmospheric pressure, 1010 
cycle operations, 1010 
the first, 1011 
four-stroke-cycle, 1011 
Otto, 1011 
packing, 1030 
source of power in, 1010 
two-stroke-cycle, 1011 
water jackets, cleaning of, 1029 
Gaseous fuels, 178 
beipson eg furnace, temperature of, 


commercial, composition and heating 
value of, 202 2 
flue, fuel heat in, 278 
impurities in water, 64 
measurement, making first, 230 
and mercury thermometers, 429 
meters, 938 
Gases, method of analyzing, 225 
natural, 186 
analysis of, 187 
producer, from various fuels, 203 
samples, chimney, taking, 233 
waste (heat), 186 
water, tar, 186 
Gasket and connections, compressor, 
test them, 854 
Diesel engine cylinder-head, 1032 
handhole, soft steel asbestos-filled, 452 
Gear, Pele a pulley power-transmission, 


bevel, 663 

chodral pitch of a, 670 

circular pitch of a, 670 

to compute proportional radius of, 672 
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Gear, Corliss valve, adjustment of, 546 
diametrical pitch of a, 670 
elevator, 888 
horsepower of, 667 
of hydraulic elevator, 903 
laying out, 662 
miter and spur, 669 
number of teeth in, of given diameter 
and pitch, 674 
power table of, 667 
problems, 673 
speed reduction, helical, 575 
oil for, 575 
calculating of, 665 
table of pitches of, 675 
teeth, cast, curves of, 662 
epicycloidal, 661 
involute, 662 
proportions of, 664 
tooth, strength of a, 674 
valve, compression marks on a, 328 
double eccentric Corliss engine, 553 
of a vine, inspect it and governor, 
5 
velocity, to compute, 666 
Gearless and geared traction elevators, 
86 


Gebhardt, steam meter, 943 
General ammonia gas information, 884 
Diesel instructions, 1020 
electric, steam turbine, 568-570 
illumination, 814 
use, pump for, 383 
Generating high pressure steam, 8 
Generation of high-pressure 
economy of, 7 
is profitable, 7 
Generators, 747 
action, compound, 748 
assembling a, 766 
ieee eurrent and direct current, 
05 


steam, 


bipolar, principles of, 711 
compound, equalizing connections for, 
821 


wound, starting two or more, 822 
continuous (direct) current, 716 
“cutting-in, ’? 769 
current pulsating, 777 
dismantling a, 766 
four-pole, 754 
heat, locating source of correctly, 780 

testing with the hand, 779 

_inductor, 789 4 
interpole, 750-751 
lubrication of, 766 
and motors, alternating current, 786 

direct current, 742 

operating of, 770 

principle of, 698 
multipolar, 752-786 

fields of, 753 
or motor, heating of, 779 
in parallel, 769 
revolving field, 789 
sets, turbine, small, 584 
single-phase, 786 
starting a, 767 
switchboard for several, 819 
aynghtonizing, lamp connections for, 

94 


three-phase, 786 
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Generators, two or more compound, 
switchboard for, 819 
turbo, installing, 582 
two-phase, 786 
two, switchboard arrangement for, 224 
with weak field magnetism, 777 
“Genuine” squires steam trap, 308 
Georges creek coal, 178 
Get up steam slowly, 3 
Given compression, to set Corliss valves 
for, 551 
Gland-packing centrifugal pumps, 393 
Glass cocks and pinch clamps, 224 
water line, 82 
and sediment, 61 
water out of sight in, 27 
Globe valve, reverse current, 478 
Governing principles of belts, 653 
Governor belt, when it breaks, 43 
combination spring and gravity, 643 
Corliss engine, blocked-up, 46 
cut-off, Corliss, adjusting of, 552 
diaphragm, Fisher, 476 
elevator, safety, 934 
engine, changing speed of, 22 
commonest form of, 640 
Gardner, spring, 641 
Porter-Allen, 544 
safety stops—tachometers, 630 
the Tolle, 644 
fly-ball, opposed forces in, 43 
hy draulle,, action of on a steam turbine, 


pulley change, effect of, 47 
pump, Fisher, 375 
speed, Mason, 373 
regulation of turbines, 597 
changing, 598 
shaft, arrangement of eccentric, 44 
speed, for high pressure elevator, 916 
steam engine, 640 
gravity, 642 
switches, elevator, 892 
throttling, care of the, 21 
turbine, emergency, 598 
testing, 593 
fly-ball, 571 
forms of, 598 
tripping mechanism, 598 
and valve gear, turbine, inspect the, 594 
Grain, direction of strain in, 680 
Graphite and Albany grease, 15 
Grate and ash pit should be kept clean, 60 
setting of, in a boiler furnace, 47 
unburned fuel falling through, 237 
Gravity governor, steam engine, 642 
heating systems, 985 
modified, heating system, 986 
and spring, combination governor, 643 
underfeed stoker, the Taylor, 161 
Grease, Albany and graphite, 15 
extracting filter, 311 
extractor and water filter, 314 
removing from surface condensers, 338 
Greasy condenser tubes, 331 
Greatest steam engine improvements, 33 
Green, steam jet ash conveyor, 214 
Grinding anthracite coal, Hardinge Mill 
for, 188 
safety valves, 464 
Gritty liquids and heavy pressures, pump 
for, 383 
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Groaning piston rings, 16 
Grouting mixture for turbine beds, 586 


Eigesn deconcentration process, 292 


Hair vs. flesh side of a belt, 659 
Hammer test for steam boilers, 72 
water, 988 
Hammering of check valves, 453 
Hancock boiler washer, 400 
inspirator, 398 
causes for not working, 399 
removing scale from, 399 
steam pressure for lifting water with, 


“Hand” and “‘rotation’’ of engine, 488 
ash disposal, cost of, 214 
cleaning boiler furnace, 257 
fired Stirling boiler, 115 
firing, ordinary, 256 
vs, stokers, 256 
rope control, elevator, 893 
elevator control, principle of, 893 
stoker, files, 163 
with a coal hopper, 164 
Huber, 164 
tachometers, 636 
testing generator heat with, 779 
Handho feo gaskets, soft steel asbestos- 
filled, 452 
Handling coal, ash disposal, 205-206 
large turbines, 591 
square, pump packing, 359 
Handy packing guar: 1030 
pump formula, 382 
reference tables, 1037 
Hard water, steam boilers for, 77 
Hardinge Mill for anthracite coal grind- 
ing, 188 
Hardness of water, to determine, 927 
Hatch, elevator enclosure doors, always 
close, 901 
Haulage or transmission cable, 1099 
Have feed water analyzed, 28 
Head braces, boiler, number of, 91 
calculating, 89 
boiler, bracing, 87 
static (air lift), 975 
water, in pipe due to friction, 373 
Header, boiler, reseating machine, 269 
steam, connections to and from, 12 
expansion: and contraction of a, 13 
size of a, 1 
vibrations of a, 13 
Heat, air compressor, 955 
B.t.u. required to condition air, 981 
conduction, 998 
convection, 999 
distribution for burning oil, 197 
fuel, in flue gas, 278 
of generator, testing with the hand, 779 
latent, of liquids, 1082 
of oil evaporation, 200 
to recover, 32 
sensible and total, 32 
of steam, 36 
of water, 36 
loss caused by boiler scale, 291 
from bare steam pipe, 1063 
an engine without, 685 
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Heat loss in hydraulic and reciprocating 
air pumps, 322 
by radiation, 238-685 
total, rule for, 991 
losses, 1009 
from buildings, 988 
of engine and boiler, 236 
measurement of, 238 
necessary to form steam, 36 
saving from blow-off tanks, 788 
made by the steam air-ejector, 322 
sensible and latent, 35 
specific, 680 
and steam, 236 
transfer in boilers, 57 
units absorbed by boiler feed water, 288 
waste, utilizing, 237 
Heater capacity, tank, 1003 
closed feed water, 289 
coil, Reilly, 297 
feed water, Alberger, multi-head, 298 
cleaning, 298 
double service, 297 
economizers—superheaters, 272 
flushing out a, 296 
open, feed water, 289 
operating a Webster, 295 
Heating of engine journals, 20 
equations, electrical, 996 
feed water, 285 
of generator or motor, 779 
indirect and ventilation, 987 
radiation, 984 
pools by steam coils, 1003 
radiator surface required for, 987 
steam, 984 
surface of a boiler, 40 
of boiler per horsepower, 73 
calculations, 41 
condensation, 794 
Gilets ih boilers, 1058 
of return tubular boiler, colealanne 
horsepower from, 101 
“Rule of Thumb” for, 995 
of a Bbc’ tube boiler, to compute, 


system, attic suply, 985 

blowers in, 993 

Broomell, 986 

Cripps, 986 

gravity, 985 

Honeywell, 986 

modified gravity, 986 

Moline, 986 

Mouat Squires, 986 

vacuum, mercury seal, 986 
swimming pool, boiler-power for, 1001 
value and composition of Bagasse, 185 

of commercial gases, 202 
of wood and wood refuse, 180 

of fuel oils, 185 

and moisture of saw mill refuse, 165 
and ventilation, 984 
water in tanks, 999 

Heavy duty engines, 490 

oil, ‘‘DH’”’ De La Vergne engines, 1018 
pressure and gritty liquids, pump for, 


turbine overload, 580 
Height limit of injector water lift, 47 
of water, pressure due to, 1057 
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Helical, speed reduction gear, 575 
Hemp or manilla packing, 16 
High boiler pressure, safety at, 72 
grade engines desirable, 483 
and Rais engines, principles of, 


pressure cylinder point of cut-off, 561 
elevator speed governor, 916 
horizontal elevators, 913 
hydraulic elevators, 909 

construction, 911 
details, 911 
stages, 569 
steam, 7 
generation is profitable, 7 
to generate, 8 
using of, 8 

service small pump, 385 

speed elevators, 886 
engines, 481 

example of, 481 
for small engines, 480 
turbine bearings, 595 

temperature body and its heat, transfer 

of to known quantity of water, 


vacuum, when low is better, 340 
Highest induced e.m.f., 718 
Hints for users of belts, 659 
Hissing or singing of brushes, 779 
Hoisting cables, 1098 
elevator, care of, 930 
pliable, 1100 
Hoistway, elevator, door lock, 897 
Holes, lace, punching in a belt, 659 
strainer, area of, 355 
Honeywell heating system, 986 
Hopper, coal, with a hand stoker, 164 
valves, coal, 221 
Hoppes steam separator, 315 
V-notch water meter, 939 
Horizontal boiler fire-line, 46 
high pressure elevators, 913 
hydraulic elevators, 903 
tubular boilers, 79 
heating surface of, 1058 
Horizontally set boiler, pitch of, 47 
Horsepower, 679-681 
a belt will transmit, 652 
of belting, 655 
of belts, 660 
boiler, definition of a, 41 
feed water required per, 286-287 
heating surface per, 73 
chimney sizes by, 126 
of chimney sizes, 126 
coal burned per, 482 
commercial, of boilers, 14 
of compound engines, 564 
noncondensing engine, finding, 509 
to compress ammonia, 1089 
consumption of steam per, 73 
of cylinders, indicated, 1078 : 
of engines, boiler feed water required 
per, 286 . 
of an engine, calculating, 30 
of gears, 667 
indicated, 606 ’ 
more, by increasing boiler pressures 23 
piston speed—average pressure, 507 
of pumping engine, to find, 376 


27; 


Horsepower of a pump, finding, 368 
rated, weights of engines per, 508 
required to elevate water, 361 

by pump at full capacity, 368 

per ton of refrigeration, 1091 
of return tubular boiler calculating 

from the heating surface, 101 

of shaft-governor engine, to increase, 23 
and size of chimney, 125 
of stationary shde valve engines, 1072 
of steam boilers, 72 
of throttling engine, to increase, 22 
transmitted by belts, 657 

by ropes, 1095 
reer tee capacity of manilla rope, 


weights of flywheels per, 508 
what is a?, 33 
Hot boiler blown-off, caused leaky seams 
and tubes, 61 
crank-pins, 17 
steam boiler, don’t empty, 61 
water in indirect heating coils, 996 
meter, venturi, 941 
pipes, pitch of, 987 
Hour, boiler feed water required per, 286 
Hourly requirements of air, 1005 
How and why, 678 
flywheels get loose, 33 
to ech) aveamn admission valves tight, 
to maintain a vacuum, 32 
pumps are neglected, 356 
to trim lamps, 815 
Huber hand stoker, 164 
Humidifying apparatus, air, 978 
system, carrier, cooling capacity of, 979 
Humidity control, methods of, 980 
relative, and dew-point, 980 
room temperature, 978 
Hurry setting a slide valve, 522 
Hvareulo ae ammonia gage movements, 


air pump, 321 
conveyor or sluice, 212 
and electric elevators, 886 
elevator accumulators, 920 
automatic stop valve, 913 
construction, high pressure, 911 
differential and pilot valve, 906 
“Gear” of, 903 
high pressure, 909 
details, 911 
horizontal, 903 
low-pressure controller, 918 
stop valve, 920 
lubricating of, 931 
push button control of, 908 
vertical, 903 
water for, 927 
govern .ubaon of on steam turbines, 


and reciprocation air pumps, heat lost 
in, 320 
and reciprocating air pumps, loss of 
heat in, 322 
umps, loss of heat in, 322 
valve gear of Kerr turbine, 571 
Hydraulically balanced centrifugal 
pumps, 392 
Hydrostatic boiler test, 71 
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Hyperbolic logarithms, 1037 
Hytempite and _ insulbrix fire 
cements, 166 
patching furnace walls with, 167 


brick 


Tce making, distilled water system for, 


867 
mechanical refrigeration, 850 
plant, can, De La Vergne, 865 
equipment, 881 
steam engines, lubrication of, 860 
work, 857 
presence of reddish or yellow color in, 
861 


process of making, 861 
saws, 8&1 
Ignition, Diesel, failure of at starting, 1026 
points of various substances, 1081 
Ignorance aes cause loss, in boiler setting, 
5 


Illuminated dial pressure gages, 419 

Illumination, general, 814 

Impact and steam jet elbows, 219 

Imparied vacuum, why engine pounds and 
heats, 328 

Imperfections of a vacumn 325 

I mrperial piston steam valve, air compressor, 


Importance of recording instruments, 241 
Impossible boilers to examine or clean, 57 
Impressed e.m.p., 725 
and current, 734 
Improvements in calking, 76 
greatest, in steam engines, 33 
in steam boilers, 75 
Improved steam trap, McDaniel, 309 
Impulse reaction turbines, 578 
turbines, steam 568 
Impurities in feed water, 290 
organic, in water, 64 
in water, gaseous, 64 
mechanical, 64 
Inaccurate thermometers and mud, 414 
Incandescent lamps, 814 
cleaning of, 815 
reflectors, 814 
In case of ammonia accident, 883 
In charge of a steam plant, 2 
Inch, decimal equivalents of, 1087 
Inches in decimals of a foot, 1082 
Inclined planes, wire cables for, 1101 
Incorrect thermometer readings, 413 
Increase economy, superheaters, 283 
of engine compression, 327 
horsepower of a throttling engine, 22 
Increased work and engine economy, 22 
Increasing boiler pressure for more 
horsepower, 23 
Boe Pores of shaft-governor engineer, 
2 


speed or power of a Corliss engine, 24 
Incrustation, boiler, chemicals for, 291 

and sediment, remedy for, 290 
Independence required between admission 

and exhaust, 487 

Independent condenser drive, 379 

jet condenser, 332 
Indicated horsepower, 606 

of cylinders, 1078 

Indicating gages, types of, 419 
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Indicator, absolute pressure, 412 
action of the, 603 
attaching paper to, 616 
bin, for pulverized fuel, 194 
eare of the, 617 
cards and valve leakage, 34 
from automatic and throttling en- 
gines, 622 
from Corliss engine, 609 
from throttling engine, 623 
steam chest, 610 
connecting cord, 616 
diagram, the, 616 
analysis, 603 
from automatic engines, 618 
constructing, 610 
measuring a, 626 
draft relation, 254 
drum, applying pencil to, 617 
spring, tension of, 617 
or flow meter, Royer, 943 
gage for fuel oil, 199 
pressure, maximum and minimum, 417 
reducing motions, 34 
spring, selecting an, 616 
steam engine, uses of the, 615 
stroke card, 610 
and their uses, 602 
use of the, 29 
Indirect coils, hot water in, 996 
heating and ventilation, ‘987 
radiation heating, 984 
valve motion, 44 
Induced current, self induction, 726 
electromotive force, highest, 718 
Induction, electromagnetic, 704 
elevator motors, two-speed, 889 
motor, 800 
currents, 803 
not synchronous, 804 
objections to, 806 
principle of the, 801 
single-phase, 801 
self, induced current, 726 
single-phase, 805 
explanation of, 401 
self-starting, 805 
starting, 804 
three-phase, 805 
mutual, 736 
principles of, 737 
and self, 720 
Inductive action in alternating current 
circuits, 730 
effect of circuits, 737 
Inductor generators, 789 
Industrial car ash disposal, 207 
Information, general about ammonia 
gas, 884 
for ordering a pump, 357 
Ingersol-Rand plate valve, 961 
Inhaled ammonia, treatment of nose and 
throat, 883 
Initial pressure in engine cylinder, 615 
temperature and boiling points of feed 
y water, 285 
Injection, fuel nozzle, open, 1018 
pipe, auxiliary, 343 
water, condenser, efficiency of, 326 
condenser, regulation of, 343 
Injector of the automatic type, 395 
cleaning an, 402 
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Injector, epnouac: the Eynon-Korting, 


double tube, metropolitan, 409 
exhaust steam, 394 
installing of, 395 
and inspirator, action of, 394 
piping of, 396 
pumps, 349 
range of, 396 
selecting a, 81 
lift and steam pressure, 47 
muriatic acid for, 396 
Penberthy, 405 
auto-positive, 407 
sizes and capacities, 405, 505 
piping non-lifting, 397 
size of, 398 
positive or double tube, 396 
scale and sediment in, 396 
stopping and starting, 404 
suction pipes must be tight, 398 
testing for leaks, 404 
U. 8. automatic, 402 
sizes and capacities of, 404 
Inlets, steam, primary, secondary and 
territary, 579 
Inside and outside lap, 34 
Inspect safety appliances after applica- 
tion, 902 
turbine governor and valve gear, 594 
cpalsoe er Bs turbine bearings and _ blades, 
4 


Inspection of steam boiler, 69 
Inspector, boiler, should ‘‘crawl,’’ 72 
Inspirator, Hancock, 398 
causes for not working, 399 
removing scale from, 399 
sheet prceeure for lifting water with, 


and injector, action of, 394 
piping of, 396 
pumps, 349 
range of, 396 
selecting a, 81 
suction pipe, locating leaks in, 399 
Installation of centrifugal pump, 391 
of France packing, 878 
of turbines, ten steps of, 583 
Installing arc lamps, 817 
consolidated safety valves, 461 
exhaust-steam condensers, 326 
injectors, 395 
turbo generators, 582 
Instructions, general, Diesel, 1020 
refrigeration plant, 853 
separator calorimeter, 440 
throttling calorimeter, 434 
Instrument, analysis, cleaning of, 232 
of necessity in the boiler room, 261 
radii-averaging, 426 
recording, and gages, 412 
importance of, 241 
used in measuring temperature, 996 
Insulation of pipes, 988 : 
Insulators sear conductors, electric, 705 
and hytempite fire brick 
cements, 166 
Integral economizer, Stirling, 274 
or external economizers, 272 , 
Integrating and recording meter device, 


Insulbrix 


Intensity of chimney draft, 124 
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Interior economizer corrosion, 276 
Internal, boiler feed pipe, double, 684 
combustion engines, 1008 
what is an?, 1008 
radius, 680 
Interpole machines, 170-751 
Intricate belt formula not needed, 655 
Involute gear teeth, 662 
Tron bolts, weight and strength of, 1044 
pipe, wrought, expansion of, 1065 
round and square, weight of, 1042 
sheet, weight of per square foot, 1044 
wrought, weight per cubic foot of, 30 
welded pipe, 1065 ; 
Irregular running of Diesel engines, 1022 
Isothermal curve, 608 


Jacket, the water, 1010 
of gas engines, cleaning of, 1029 
Jet condenser, care of, 334 
connecting, 335 
independent, 332 
is a pump, 333 
smoke prevention, 
steam by, 240 
steam, blowers, 972 
surface and barometric condensers, 330 
Joints, air-set cement, 165 
butt, quadruple riveted, dimensions 


consumption of 


of, 99 
double riveted butt, dimensions of, 96 
lap, dimensions of, -96 
expansion, 451 
in fire brick, too thick, 166 
““fire-clay and any mason way,” 165 
for guyed stacks, 136 
quadruple riveted butt, dimensions 
ol, 
riveted, for boilers and tanks, 94 
lap, dimensions of, 95 
triple riveted butt, dimensions of, 97 
Jones stokers, automatic supply of air 
and fuel, 159 
underfeed stoker, 157 
Journal bearing thermometers, 429 
engine, heating of, 20 


1K? equals surface conductability 


989 
value of, 989 
Keep a boiler room record, 256 
admission valves tight, how to, 541 
the back pressure valve tight, 6 
condenser pipes clean, 855 
grate and ash pit clean, 60 
valves and fittings clean and water- 
tight, 4 
Kerosene in air compressors, 969 
Kerr turbine, hydraulic valve gear of, 571 
Key-seat, cross-head, filing of a, 18 
“ Kick’’ of the motor field, 760 
Knocking and pounding of engine, 17 
Knocks caused by priming or foaming, 19 
in cylinder and piston, 18 
or pound in a Diesel engine, 1027 
Knowledge, a little, is dangerous, 991 
Known quantity of water, transfer to of 
a known temperature body and 
its heat, 997 
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Labyrinth packing, 577 
Lace holes, punching in a belt, 659 
Lacing belts, 660 
Ladders, chimney, 140 
La France mask, 883 
Lag, angle of, 733 
of current, reducing, 799 
Lagonda reseating machine, 269 
Lamps, are, 815 
carbons, are, life of, 816 
installing, 817 
circuits, transformers, 814 
connections for synchronizing alter- 
nators, 794 
how to trim, 815 
incandese ent, 814 
cleaning of, 815 
reflectors, 814 
mercury vapor, 815 
spacing, 814 
Lap armature winding, 754 
inside and outside, 34 
joints, riveted, dimensions of, 95 
outside, of slide valve, object of, 46 
of pilot valve packing, 906 
and riveted joints, dimensions of, 95 
riveted joints, double dimensions of, 96 
Lapping safety valve seats, 466 
Large turbines, handling of, 591 
oil systems for, 595 
shutting down, 592 
Laying out gears, 662 
up a boiler, rule for, 29 
radial chimney-bricks, 137 
Latent heat of liquids, 1082 
of oil evaporation, 200 
of steam, 36 
of water, 36 
and sensible heat, 35 
sensible and total heat, 32 
Lathe, cutting ade in a, 686 
Lead of a valve, 
equalizing, 46 
purpose of the, 45 
Leakage, air, 990 
piston, overbalances compression, 614 
of safety valve, 463 
of valves as shown by indicator cards, 


‘‘Leak-off”’ path, steam, 577 
Leaks, air compressor, 954 
stopping in boiler setting, 174 
condenser, detecting, 337 
in elevator pressure tanks, 931 
locating in inspirator suction pipes, 399 
in pump suction pipe, 364 
in a steam boiler, 68 
testing injectors for, 404 
Leaky condenser tubes, evidence of, 337 
safety-valve seats, 453 
seams and tubes caused by blowing-off 
a boiler while hot, 61 
Leather ou packing for elevator valves, 
0 


Leaving the plant, engineer’s duty when, 
31 


Length of belt, to determine, 652 
minimum, of boiler head braces, 91 
of valve stem and connecting rod, 44 
Lengthen the slide valve, 486 
Leveling rear with paper adjustments, 


INDEX 


Leveling turbine bed-plates, wedges for, 
5 
zone, elevator, 890 
Lever safety valve, 456 
cut off extra, 457 
proportions of, 47 
rules, 458 
valve stem, shape of, 46 
License questionnaire, bg 
Life of arc light carbons, 816 
Life-limit of fusible plugs, 62 
Lift (air lift), 975 
failure of pumps, priming, 358 
of injector, height limit of water, 47 
and steam pressure, 47 
Lifting capacity of a magnet, 704 
water, Hancock inspirator, 
pressure for, 399 
Light loads, throttling engine best at, 625 
sérvice or tank pumps, 1062 
Lightening arrester, 817 
rods, chimney, 140 
Lighting equipment, 814 
transformer, series, arc, 847 
Lignite, 179 
black, or sub-bituminous coal, 178 
natural, furnace for burning, 180 
Lime, carbonate of, 66 
and magnesia, carbonates of, 64 
sulphate of, 66 ¥ 
boiler scale from, 291 
Limit of Corliss engine cut-off, 45 
elastic, 679 
engine stop speed, 636 
expansion, of the slide vlave, 486 
of fusible plug life, 62 
of speed band, falls, 631 
of steam expansion, 9 
Limited boiler steam room, 55 
Linear expansion of wrought pipe, to 
find, 506 
Liners for connecting rod brasses, 19 
Lines of force, circular, 719 
concentrating, 710 
direction of, 697 
magnetic, 698 
large, turning on steam in, 13 
pipe, ‘long for pump, 392 
‘squaring”’ a, 650 
steam, air in a, 13 
suction and equalizing, 
condenser, 868 
Linings, expansion, for chimney, 139 
furnace, using old, 172 
moulded brick boiler furnace, 171 
steel stacks, 131 
Link motion slide valves, setting of, 523 
Liquefied ammonia, 863-865-867 


steam 


of ammonia 


Liquid, expansion of by temperature 
: increase, 996 
gritty, and heavy pressures, pump 


or, 
latent heat of, 1082 
solid and pulverized fuels, 178 

List repair tools and geatomal, 36 
supplies on hand, 

Little knowledge ee 991 

Live and dead side of armature coils, 744 
steam wasted, 485 

with exhaust, 994 

Load, alternator, ‘division of, 796 
boiler, distribution of, 251 
light, throttling engine best for, 625 
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Load or working pressure, safe, 680 
Locating air compressor valve trouble, 959 
barometric condenser, 335 
correctly source of generator heat, 780 
inspirator suction pipe leaks, 399 
source of generator heat correctly, 780 
turbine steam and exhaust flanges, 583 
Location of an engine, 483 
of gage cocks and water-column, 105 
of oil extractor, 331 
of a pump, 354 
of radiant superheater surface, 280 
of radiators, 987 
Lock, elevator door, cams, 896 
hoistway door, 897 
Locking cams for elevator doors, 896 
Locomotive, or firebox boilers, 79 
slide valve used on, 481 
Logarithms, hyperbolic, 1037 
Long alternating current circuits, 827 
distance distribution of alternating 
current, 810 
flaming, ec ne and caking coal, 
17 


pump pipe lines, 392 
suspended boilers, 59 
Longitudinal seams, 680 
Lopulco burners, 195 
pulverized fuel system, 194 
Loss, ash-pit, recording, 267 
in boiler setting through ignorance, 59 
by friction of water in pipes, 1052 
of heat caused by boiler scale, 291 
from bare steam pipe, 1063 
in hydraulic and reciprocating air 
pumps, 322 
by radiation, 238-685 
total, rule for, 991 
manufacturing, by poor firing, 241 
money, from naked steam pipe, 1064 
Losses in air compressors, 958 
by bad furnace and firing, 237 
in belt transmission, 661 
due to moisture in coal, 189 
fuel and COz, 233 
heat, 1009 
from buildings, 988 
of engine and boiler, 236 
vs. overload, useless, boiler, 56 
Lost motion in engine, taking up, 34 
in steam pump valves, 363 
Low level multi-jet condenser, 319 
lift, or tank pump, 383 
pressure air compressor valves, Sullivan, 


controller for hydraulic elevator 918 
engines, principles of, 33 
stages, 569 
steam, using, 8 
stop valve for hydraulic elevator, 920 
turbine drains, 588 
vacuum, when better than high, 340 
voltage release, 759 
water in boilers, 62 
in the boiler, 29 
Lowest saturation temperature, 978 
Lubricating ammonia compressor, 868 
hydraulic elevators, 931 
oils and chemistry, 16 
system of Diesel engine, 1015 
Lubrication of air compressor, 955 
cylinder, 960 
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Lubrication of cross heads, 15 
cylinder, 370 
of Diesel engines, 1020 
of elevator cables, 931 
guides, 931 
overhead sheave bearings, 931 
of generators, 766 
of ice-plant steam engines, 860 
poor, of Diesel pistons, 1031 
of refrigerating machinery, 859 
of stationary engines, 16 
of a steam engine, 14 
pump, packing, ‘“‘slaming,’’ 357 
Lubricator, cylinder, care of, 370 
sight feed, automatic, 470 
connecting a, 372 
Lump coal, soft, directions for firing, 26 


Wises elevator, direct current motor 


for, 889 
interpole, 750 
refrigerating, exhaust steam, 868 
lubrication of, 859 
starting a, 853 
steam cylinders of, 860 
stopping a, 854 
Vogt absorption, 875 
atmospheric, 875 
double pipe, 875 
tubular construction, 875 
study economy of those in the plant, 35 
Magnesia and lime, carbonates of, 66 
Magnet, attraction and repulsion of, 695 
attractive power of a, 695 
electro, 695 
lifting capacity of in pounds, 704 
needle, a, 695 
permanent, 694 
or relays for elevator control, 897 
two, repulsion of, 697 
Magnetic flux, when zero, 724 
force measured, 704 
lines of force, 698 
repulsion and current flow, 698 
Magnetism and electricity, 694 
of fields weak, 777 
Magnetization, field, 750 
of armatures, 786 
Main bearings, engine, care of, 18 
lubrication of, 15 
turbine, oil pressure for, 596 
pipes and branches, 1064 
shaft, aligning extension to, 648 
test the, 649 
valve, to equalize port opening, 535 
is steam-thrown in all pumps, 381 
Maintain steady boiler furnace tempera- 
ture, 28 
Maman accuracy of thermometers, 
41 


Maintenance and operation in oil burning, 
197 


Make engine repairs at once, 19 
notes of needed repairs and renewals, 35 
Make-up water, distilled, 65 
Makers of stokers, 147 
Making first gas measurement, 230 
ice, mechanical refrigeration, 850 
process of, 861 
Manilla or hemp packing, 16 
rope, h.p. transmitting capacity of, 1096 
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Manner of steam circulation, 985 
Manufacturing loss by poor firing, 241 
Marine type of safety valve, 463 
Marks, compression, on valve gear, 328 
Mask, the La France, 883 
protective, 883 
Mason pump speed governor, 373 
Masonry, Fire brick, 164 
Material, boiler, defective, 53 
refractory, fusion of cones of, 997 
and repair tools, list them, 35 
workmanship and fittings, bad, for 
boiler, 56 
Mats, rubber, in front of alternators, 797 
Matter, foreign, in steam boilers, 290 
organic, in water, 44 
Maximum allowable pitch of screwed 
staybolts, 84 
and minimum pressure indicators, 417 
McClade stoker, underfeed, overfeed, 153 
McDaniel improved steam trap, 307 
MelIntosh & Seymour engine, 544 
Mean absolute pressures, 1071 
effective pressure, approximating, 606 
calculating, 605 
calculations, 560 
by ordinates, 605 
pressure, diagram, of ammonia com- 
pressor, 1090 
Measured, magnetic force, 704 
Measurement of air velocity, 993 
electrical and units, 739 
of flow, units of, 946 
gas, making first, 230 
of heat, 238 
Measuring clearance, 38 
an indicator diagram, 626 
Mechanical atomization for oil burning, 
il 


cold, regulation of, 852 
impurities in water, 64 
refrigeration, ice making, 850 
process on 862 
stokers, 147 
timer, 155 
time records, 423 
Mechanically operated engine stop, 633 
Mechanism, pressure gage, 415 
starting, Fulton Diesel engine, 1016 
tripping, of turbine governor, 598 
Medium distance alternating 
distribution, 810 
sized turbines, starting of, 590 
Melting points of fusible plugs, 1081 
of metals, 1080 
metals and solids, 1081 
of solids, 1080 
Mercury column, separation of, 413 
and gas thermometers, 429 
seal vacuum heating system, 986 
vapor lamps, 815 
Metal, fusing currents of, 830 
melting points of, 1080 
monel, 
and solids, melting points of, 1081 
Metallic packing for ammonia rods, 878 
Meters, coal, 


CO,, 948 

single and six unit, 948 
feed water, 261 
flow, republic, 945 


current | 
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Meter hot water, Venturi, 941 
integrating and recording device, 941 
planimeter wheel, 941 
reading, accuracy in, 938 
standard, 681 
steam, Gebhardt, 943 
water, Hoppe’s, V-notch, 939 

Worthington, 938 
for water, steam, air, gas and coal, 938 
Weir, Yarway-Lee, 261 

Methods of analyzing gases, 225 
of fastening turbine blades, 570 
of humidity control, 980 
simple, of tempering steel, 687 
three, of oil burning, 197 
of turbine overspeeding, 599 

steam expansion, 568 
of turning on steam, 14 

Metric conversion, 682 
system, 681 

Metropolitan double tube injector, 409 

Micro-drive elevator, 890 

Middle-western coals, 179 

Mill, Hardings, for anthracite coal grind- 

ing, 188 
Raymond and Fuller for pulverizing 
coal, 187 

Mineral and animal oils, 15 
impurities, dissolved in water, 64 

Minimum length of boiler head braces, 91 
and maximum pressure indicators, 417 

Misalignment of turbine rotor, 581 

Miter and spur gears, 669 

Mixed preore turbines, shutting down, 

starting, 592 
Mixing wo ands of oil may cause trouble, 


Mixture for grouting turbine beds, 586 
Modified gravity heating system, 986 
Moisture and heating value of saw mill 
refuse, 185 

in pulverized coal, 189 
Moisture-proof recorder gages, 427 
Moline, heating system, 986 
Momentum, what is it?, 47 
Monel metal turbine blades, 578 
Money loss from naked steam pipe, 1064 
Monolithic fire walls, 173 
Monorail system, 211 
Moore speed reduction gear, 575 
Moora bend Sr Onn is return steam trap, 


More horsepower by increasing boiler 
pressure, 23 
Most economical engine, 490 
point of cut-off, 625 
Motion of Corliss valve is direct, 45 
link, setting slide valves with, 523 
lost, in steam pump valves, 363 
taking up in engine, 34 
reducing, indicator, 34 
valve, indirect and direct, 44 
Motors, alternating current, 798 
constant speed, 804 
wiring for, 833 
starting torque, 804 
circuits, external resistance in, 758 
resistance in, 764 
commutator, 800 
currents, induction, 803 
direct-current, 758 


INDEX " 


Motors, direct-current, wiring for, 831 
elevator machines, 889 
elevator, for alternating current, 889 
two-speed induction, 889 
field, ‘“‘kick”’ of the, 760 
and generators, a. c., 786 
Gs 
heating of, 779 
operating of, 770 
principle of, 698 
induction, 800 
not synchronous, 804 
objections to, 806 
principle of, 801 
self-starting, single-phase, 805 
single-phase, 801—805 
explanation of, 401 
starting, 804 
three-phase, 805 
ratings, 751 
reversing, 764 
shunt and compound windings for, 747 
starters, 759 
synchronous, 798 
starting, 793 
will ‘‘keep step,’’ 798 
variable speed, 761 
Moulded-brick boiler furnace linings, 171 
Mount-Squires heating system, 986 
Movements, gage, hydraulic and ammonia, 
416 


pressure gage, ordinary, 417 

thermometer, recording, 428 

of transformer coil, 847 

valve, positive cut-off or ‘“‘drop,’’ 480 
Moving engine eccentric, effects of, 612 
Mud and inaccurate thermometers, 414 
Mud-pump or ‘‘booster,’’ 383 
Multi-connected draft gage, 255 
Rawle Hone food water heater, Alberger, 

29. 


Multi-jet low-level condenser, 319 
Multi-stage centrifugal pumps, 385 
Multi-voltage balancer, elevator, 897 
elevator control system, 897 
Multiphase currents, there are no, 728 
Multiple stationary oil filter, 302 
Multiplex pressure recorders, 425 
Multipolar armatures, coils for, 756 
winding, 754 
construction, advantage of, 752 
field coils, connecting, 757 
generators, 752-786 
fields of, 753+ | 
Muriatic acid for injectors, 396 
Murphy furnace, operation of a, 152 
side overfeed stoker, 151 
Mutual induction, 736 
principles, 737 
and self induction, 720 


N aked steam pipe, money loss from, 


1064 
Natural and balanced draft contest, a, 245 


Necessity instruments in the boiler room, 
1 


Needed, engine stops, 630 
repairs, make notes of, 35 
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Needle, a magnet, 695 

Negative reactance, 800 

Neglect of pumps, 356 

Negus-tiffany coal agitator, 156 

Never close damper tight, 4 

get something for nothing, 678 

New river coal, 178 

Nickel, cupro, 578 

Nineteen-wire round strand cable, 1098 

Noise, air compressor, 957 

Noisy armatures, 778 

Popcorn ine: changing to condensing, 
44 . 


from condensing, 344 
compound engine, finding horse-power 
of, 509 
turbine and the uniflow engine, 581 
starting a small, 589 
Non-lifting injectors, piping of, 397 
Non-return and protected-seat valve, 453 
Normal steam pressure, fuel bed thicken- 
ing, 253 
restored to, 253 
Nose and throat treatment after inhaling 
ammonia, 883 
Notes, make them, of needed repairs and 
renewals, 35 
Nothing for something, never, 678 
Nozzle, open, fuel injection, 1018 
plate for Curtis turbine, 573 
pump discharge, size of, 369 
seam, signal, 215 
Nuisance, the smoke, 238 
Number of boiler head braces, 91 
of expansions required in a compound 
engine, 559 
of stack guys, 136 
of teeth in a gear of given diameter and 
pitch, 674 


Object of slide valve outside lap, 46 


Objections to direct acting pumps, 354 
to induction motors, 806 
one, to a slide valve, 481 
O’Brien boiler furnace baffling, 111 
water tube boiler, 107 
feed pipe, 110 
O’Brien-Hawley down-shaft furnace, 145 
Obtaining the freezing point, 415 
Occasionally renew the filling of fusible 
plugs, 62 
Ohm, the, 739 
Oil, animal, to detect presence of, 597 
burning air supply, 197 
atomization, 197 
chimney draft for, 201 
fundamental principles of, 197 
heat distribution, 197 
maintenance and operation, 197 
mechanical atomization, 198 
steam atomizers, 198 
three methods of, 197 
changing for turbines, batch system, 596 
cleaning, continual filteration, 596 
compressor, test for, 857 
cup flow, starting, 684 
cylinder, selection of, 15-506 
data, fuel, 201 
emulsive for elevators, 928 
engine crankshafts, cracks in, 1029 
iesel, 1012 
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Oil engine, diesel, Allis-Chalmers, 1016 
the Fulton, 1013 
““PH”’ De La Vergne, 1018 
semi-Diesel, 1018 
“SI”? De La Vergne, 1019 
evaporation, latent heat of, 200 
extractor, location of, 331 
filter, centrifugal, 303 
multiple stationary, 302 
filteration, bypass, for turbines, 596 
fuel, 185 
burning of, 197 
calorific value of, 200 
heating value of, 185 
indicator gage, 199 
temperature and flow of, 200 
and pressure of, 200 
heavy, ppaines. “DH” De La Vergne, 
1018 


lubricating and chemistry, 16 

mineral and animal, 15 

pressure for turbine main bearings, 596 
for valve gear and for bearings, 572 

pump, rotary, 572 

purifier construction, DeLaval, 303 

for speed reduction gears, 575 

strainer, turbine, examine the, 594 
twin separator, 313 

system of a large turbine, 595 
self-contained, turbine, care of, 593 

transformer, purifying, 303 

trouble from mixing two kinds, 597 

for turbines, 594 

in aun pine bearings, temperature of, 


changing, 594 
cleaning of, 596 
test for, 596 
uniflow engine, selection of, 505 
Oiling and cleaning elevators, 898 
engine bearings, 3 
Old boilers and superheaters, 283 
and too small boilers, 55 
furnace linings, using, 172 
One candle power, energy required to 
produce, 1092 
hundred per cent boiler overload, 55 
objection to a slide valve, 481 
Open air circuit, 817 
feed water heaters, 289 
the fire door, close the damper, 60 
fuel injection nozzle, 1018 
Opening a steam boiler, 26 
Operon a compound condensing engine, 


condensers, cost of, 330 
Diesel engines, 1020-1022 
generators and motors, 770 
principle of the calorimeter, 432 
steam turbines, 589 
a Webster heater, 295 
Operation and apparatus of balanced 
draft, 248 
of boiler washer, 400 
of Cameron pump, 381 
of Copes feed water regulator, 259 
the Diesel cycle, 1014 
economy of steam engines, 21 
of electric elevators, 898 
of elevators by pilot valve, 905 
cf eet steam refrigerating machine, 


INDEX 


Operations, gas engine cycle, 1010 
and maintenance in oil burning, 197 
ef a Murphy furnace, 152 
principles, refrigeration, 850 
of ‘‘SI’’ cycle, 1019 
of a steam jet ash disposal system, 216 
of Stirling boilers, 116 
test of turbines, 582 
Opposed forces in fly-ball governors, 43 
Ordering a pump, information for, 357 
Ordinary air lift terms, 974 
hand firing, 256 
pressure gage movements, 417 
Organic impurities in water, 64 
Orifice, circular, discharge of water 
through, 371 
flow of steam through, 102 ° 
of water through, 1053 
ring, discharge of water through, 371 
Otto, gas engine, 1011 
Outside and inside lap, 34 
lap of slide valve, object of, 46 
Overcoming cylinder condensation, 9 
re-evaporation, 9 
Overfeed stoker, the Roach, 150 
Overhead sheave bearings, elevator, 
lubrication of, 831 
Overload, boiler, 100 per cent, 55 
turbine, heavy, 580 
vs. losses, useless, boiler, 56 
Overloaded steam boilers, 54 
Overspeeding, turbine, methods of, 599 
Oxygen percentage, determination of, 231 


Packing, carbon, for turbine shafts, 573 


cutter, handy, 1030 
elevator piston rods, 927 
France, installation of, 878 
gas-engine, 1030 
gland, for centrifugal pumps, 393 
labyrinth, 577 
leather cup, for elevator valves, 930 
manilla or hemp, 16 
metallic, for ammonia rods, 878 
pilot valve, lap of, 906 
piston, watch the, 16 
pump, 359 
handling of square, 359 
piston and valves, 6 
ring and segments, France, 878 
water seal or steam seal, 577 
of phos araes: lubrication, ‘‘slaming,’’ 


turbine, carbon or metallic, drains 
from, 588 
vertical elevator cylinder valves, 926 
piston from bottom, 924 
from top, 925 
valve stems under pressure, 453 
Packingless throttle valves, 632 
Painter’s ring and clean-out door for 
stack, 132 
Panel boards or boxes, 838 
Pan conveyors, 210 
Paper adjustment, leveling a shaft with, 


attaching to indicator, 616 
Parallel connection of alternators, 789 
_of generators, 769 
direct coupled alternators, starting, 796 
running of alternators, 196 


INDEX 


Parallel, starting of alternators connected 
in 


Paralleling’ steam and water-driven, 790 


Partial renewal turbine oil system, 596 
Parts of electric elevator, care of, 900 
Patch bolts, 69 

soft, for steam boilers, 69 
etching furnage walls with Hytempite, 


steam boilers, 69 
Path, steam ‘‘leak-off,’’ 577 
Penberthy injectors, 405 
auto-positive, 407 
sizes and capacities, 405 
Pencil, applying to indicator drum, 617 
Per cent 200, boiler evaporation, 55 
boiler load, 100, 55 
Per horsepower, coal burned, 482 
Per minute, gallons of water discharged in 


a, 371 
Per year saving of coal with automatic 
engine, 482 


Percentage of COs, determination of, 231 
of oxygen, determination of, 231 
Perfect transformer, 844 
Periodic currents, 721 
PA oe ar pee baad of reed tachometers, 
6 


cure for priming and foaming, 63 
magnets, 694 
“‘Perplexity’’ of steam pump valves, 356 
Petroleum, crude, 67 
Phase relation, 726—727—729 
change in, 844 ; 
Pilot or differential valve for hydraulic 
elevator, 906 
dise throttle valves, 477 
operated, single seat, reducing valve, 
454 


valve elevator operation, 905 
packing, lap of, 906 
Pinch clamps and glass cocks, 224 
Pinion, to eonapyte proportions radius of, 
672 


Pins, crank, troublesome, 17 
hot, crank, 17 
Pipe, air compressor discharge, 956 
suction, 956 
allowance for friction of water in, 360 
auxiliary injection to condenser, 343 
blow-off, protection, 167 
protective blocks, 168 
boiler blow-off, 81 
feed, 80 , 
internal, double, 684 
underground, 81 
steam, 82 
condenser, should be kept clean, 855 
connection, double suction, 355 
to engine and boiler, 7-12 
for pumps, 364 
covering, value of, 992 
cutting to order, 370 
diameter, effective, 356 
distribution systems, 984 
dry, steam boiler, 84 
effects of ammonia on, 861 
exhaust, diameter of, 507 — 
finding discharge velocity in, 370 
head of water in, due to friction, 373 
injector, size of, 398 | 
suction, must be tight, 398 
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Pipe, insulation of, 988 
loss in by friction of water, 1052 
mains and branches, 1064 
naked steam, money loss from, 1064 
pitch of, 987 
pump suction, diameter of, 369 
leaks in a, 364 
steam, effect of too-small, 611 
for engine, to find diameter, 506 
loss of heat in bare, 1063 
support for near throttle, 587 
straight, flow of water in gallons 
through, 372 
reducing friction in, 355 
vacuum in a, 377 
and tanks, contents of, 1054 
threading a short, 684 
threads, ‘‘dope’’ for, 684 
pe quehss ats find linear expansion of, 
5 


iron, capacity of, 1064 
expansion of, 1065 
welded, 1065 
Piping of Diesel engine, 1025 
flexible for turbines, 586 
injectors and inspirators, 356 
non-lifting injectors, 397 
steam, ‘“‘rainbowing”’ of, 13 
simplicity in, 368 
turbines, 586 
turbine exhaust, 587 
Piston clearance, engine, 38 
equalizing, 44 
compressor, clearance of, 856 
and cross-head rod connections, 18 
cushion of engine, 45 
and cylinder knocks, 18 
Diesel, poor lubrication of, 1031 
engine, action of an, 484 
leakage overbalances compression, 614 
packing, watch the, 16 
rings, 16 
groaning, 16 
rod area, clearance, 560 
elevator, packing of, 927 
Speeds Dursep ow crs aioe pressure, 
10) 


in feet per minute, 1076 
springs, adjusting, 16 
steam valve, imperial, air compressor, 
96 


supplementary, steam pump, 353 
valves, setting of, 527 
water pump, to find diameter of, 367 
working, of Diesel engine, 1025 
Pitch, chordal, of a gear, 670 
cutting screws of fine, 686 
and diameter of a gear, number of 
teeth in, 674 
diametrical, of a gear, 670 
of gears, 674-675 
of horizontally set boiler, 47 
maximum allowable of screwed stay- 
bolts, 84 
of pipes, 987 
Pivoted bucket ash conveyor, 213 
carriers, 211 
Place strainer at turbine throttle, 587 
Plain slide valve, function of the, 516 
setting a, 519 
Planes, inclined, wire cables for, 1101 
Planimeter wheel, meter, 941 
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Plank, elevator, safety wedge, 933 
Plant burns three kinds of fuel, 189 
engineer’s duty when leaving the, 31 
equipment for ice-making, 881 
first for burning powdered coal, 188 
ice, De La Vergne, can, 865 
instructions, refrigeration, 853 
refrigerating, rating of, 853 
standard, 
Se ese wn ne automatic, 882 
Plates of boiler, bulged, 57 
corrosion of, 70 
weight per square foot of, 30 
pressure, Porter-Allen, 538 
steam boiler, blisters on, 68 
strength of, 40 
strength and rivet section, 94 
thickness for guyed steel stacks, 135 
stacks, 135 
valves, air compressor; 960 
Ingersol-Rand, 961 
Pliable hoisting cable, 1100 
Plugs, fusible, examine the, 62 
life-limit of, 62 
melting points of, 1081 
renew filling occasionally, 62 
Plunger elevators, 923 
counterweighting, 924 
Pneumatic ash conveyors, 213 
tank gage, 420 
tools, air required for, 1083 
Pocahontas coal, 178 
Point of average air velocity, 993 
of cut-off, alter the, 490 
in compound automatic engines, 564 
in high-pressure evlinder, 561 
most economical, 6 
freezing, obtaining "he, 415 
of ignition of various substances, 1081 
Pointers, Diesel engine, 1028 
Polarity of circuit, tests for, 837 
Polyphase systems, 730 
Pools, heating by steam coils, 1003 
epiminae: boiler-power for heating, 
00 


Poor boilers, cause of, 52 
contact of commutator brushes, 776 
firing, manufacturing loss by, 2 
lubrication of Diesel pistons, 1031 
Pop safety valves, 458 
dimensions, 466 
for saturated steam, 459 
for superheated steam, 460 
valves) stationary, for saturated steam, 


Poppet valve engine, medium speed, 490 
Popping pressure, safety valve, adjust- 
ment of, 462 
Port, admission, auxiliary, 874 
opening of main valve, to equalize, 535 
Portable test pressure gage, 419 
Porter, Allen engine, 538 
exhaust valves, to set, 542 
governor, 544 
warming up, 542 
pressure plates, 538 
Portion of head supported by shell and 
tubes, 89 
Positive cut-off or “drop” 
ment, 480 
or double tube injectors, 396 
Pound of coal, work in a, 239 


valve move- 


INDEX 


Pound, foot, of work, 678 

or knock in a Diesel engine, 1027 
Pounding of engine why, when vacuum is 

impaired, 328 

and knocking of engine, 17 
Powdered coal-burning plant, the first 
fuel, deterioration of brick work with, 

191 


Power, attractive, of a magnet, 695 
boiler, provide sufficient, 56 
required by steam pump 360 
surplus, 77 
driving, of belts, 651 
of double belts, 658 
of single belts, 657 
or expansion stroke 3, Diesel, 1014 
factor, 799 
increase by condenser, 1073 
reserve, steam engine, 625 
source of in gas engines, 1010 
or en of a Corliss engine, to increase, 
4 


table of gears, 667 
of shafts, 669 
transmission by belt, losses in, 661 
belt, pulley and gear, 648 
of by wire cables, 1097 
unit of, transmitted by a belt, 655 
and work, 681 
Preparing instrument for gas analysis, 227 
Presence of animal oil, to detect, 597 
of reddish or yellow color in ice, 861 
Preservation of steel stacks, 132 
Preservative action of zinc in boilers, 67 
Pressure, air compressor, 955 
absolute, 50 
and gage, 681 
air, equal to wind, 990 
in stoker, two kinds of, 161 
approximating mean effective, 606 
atmospheric, determination of, 39 
of steam, 50 
average, horsepower, piston-speed, 507 
boiler calculating safe working, 100 
increasing for more horsepower, 23 
safety at high, 7 
or boiler feed eae 1063 
calculating of mean effective, 560 
Corliss engine under back, 620 
gage, 50 
ammonia, 419 
compound, 419 
double tube, 416 
electric alarm, 419 
illuminated dial, 419 
mechanism, 415 
movements, ordinary, 417 
portable, test, 419 
recording, 422 
sing e tube, 416 
testing, 417 
tester, dead weight, 419 
waterworks, 419 
heavy and gritty liquids, pump for, 383 
indicator, absolute, 412 
_ maximum and minimum, 417 
initial in engine cylinder, 615 
or load, safe working, 680 
mean absolute, 1071 


diagram, of ammonia compressor, 
1090 f 
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Pressure, mean effective, by ordinates, 605 
oil, for turbine main bearings, 596 
for valve gear and for bearings, 572 
packing valve stems under, 453 
plates, porter-Allen, 538 
popping, ‘safety valve, adjustment of, 


a pump can work against, 367 
in a receiver, 340 
recorders, multiplex, 425 
Uehling differential, 421 
safe, on braced surfaces, 87 
working, A. S. M. E. rule for boilers, 
100 


steam, drops slightly, 252 
its cause, 51 
and injector water lift, 47 
for lifting water with Hancock inspir- 
ator, 399 
normal, fuel bed thickening, 253 
thinning, 253 
required for a pump, 367 
restored to normal, 253 
in reverse proportion to space, 51 
rises slightly, 253 
safe, U. S. rule for boilers, 100 
tank, 909 
elevator, leaks in, 931 
and temperature of fuel oil, 200 
of saturated steam, 689 
test gage, 419 
velocity of fluids, relation between, 946 
water balancing, of a steam pump, 40 
due to height, 1057 
of wind on chimneys, 129 
Preventing boiler corrosion, 294 
Prevention of clinker, 158 
of steam boiler corrosion, 4 
Process, Elliott Deaeration, 293 
Producer gases from various fuels, 203 
Primary, ep roudany and territary inlets, 
59 


Priming centrifugal pumps, 393 
and foaming in boilers, 62 
cause and cure for, 27 
dangers from, 63 
knocks caused by, 19 
permanent cure for, 63 
pumps, lift failure, 358 
provision for, 355 
Principles of alternating currents, 715 
of ammeters and voltmeters, 840 
of armature, 705 
winding, 749 
of bipolar generators, 711 
of condensers, 736 
of counter current ammonia condens- 


ing, 

fundamental, of oil burning, 197 
of generators and motors, 698 
governing belts, 653 
of hand rope elevator control, 893 
of high and low-pressure engines, 33 
of the induction motor, 801 
of mutual induction, 737 
operating, of calorimeter, 432 
of refrigeration operation, 850 
of the rotary transformer, 806 
of a Terry turbine wheel, 572 
uniflow, 496 

Problem, an air lift, 976 
gear, 673 
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Problems, gear, in chordal pitch, 671 
and rules for belts, 651 
for steam engines, 508 
Process of making ice, 861 
of mechanical refrigeration, 862 
Proper alignment of turbine unit, when 
in, 584 
Properties of ammonia, 1085 
of brine, 1086 
of carbon dioxide, 1086 
chemical, of coal, 31 
of saturated steam, 1067 
of sulphur dioxide, 1087 
Proportional radius of gear or pinion, 672 
Proportioning of chimneys, 125 
Proportions of engine, approximate, 507 
of gear teeth, 664 
of lever safety valve, 47 
Protected seat and non-return valve, 453 
Protection of blow-off pipe, 168 
of elevator cylinder from frost, 929 
Protective blow-off-pipe blocks, 168 
masks, 883 
Provide sufficient boiler power, 556 
Provision for priming pumps, 555 
P. & S. damper regulator, standard, 265 
Pulley, adhesion to of a belt, 653 
or armature out of balance, 778 
belt and gear power-transmission, 648 
of governor, effect of change in, 47 
Pulsating generator current, 777 
Pulsation, boiler strains induced by, 688 
in steam boilers, 788 
Pulverization of coal, fineness of, 189 
Pulverized coal burning, unusual, in 
Ford plant, 195 
conveying, 188 
fan distribution, 192 
moisture in, 189 
slagging of, 190 
syphon distribution, 192 
fuel, 187 
ash disposal, 191 
bin indicators for, 194 
compressed air distribution, 192 
conveying turbo blower, 197 
feed turbine, 196 
furnace construction, 193 
system, the Lopulco, 194 
solid and liquid fuels, 178 
Pulverizing mills for coal, Raymond and 
Fuller, 187 
Pump, air, condenser, speed of, 339 
hydraulic and reciprocating, loss of 
heat in, 322 
Westinghouse-Leblane, 387 
Allis-Chalmers centrifugal, 386 
automatically operated, 988 
boiler feed, 60-384 
to find dimensions of, 374 
or pressure, 1063 
selecting a, 81 
brine, 881 
Cameron, centrifugal, 385 
operation of, 381 
centrifugal, 385 
alignment and balance, 392 
gland-packing, 393 
multi-stage, 385 
speed and Sopeeiey of, 1075 
circulating, with barometric condenser, 
335-337 
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Pumps, compound steam, 1073 
and condenser, refrigeration, 851 
run condensing, 335 
current consumption of, 391 
cylinders, compound steam, 1074 
water and steam, ratio of, 366 
data, steam, 362 
direct acting, objections to, 354 
discharge nozzle, size of, 369 
driving steam boiler, selecting a, 361 
and driving unit, cheek alignment 
of, 392 
duplex dry vacuum, 377 
steam, 1061 
water-ends, 382 
examine carefully, 356 
finding horsepower of, 368 
flywheel and direct-acting, 352 
forcing queries, 351 
formula, handy, 382 
fuel, Diesel engine, 1015 
at full capacity, horsepower required 
by, 368 
for general use, 383 
governor, Fisher, 375 
for nes pressure and gritty liquids, 


high-service, small, 385 
how neglected, 356 
hydraulic air, 321 
balanced centrifugal, 392 
and reciprocating, loss of heat in, 322 
information for ordering a, 357 
injectors—inspirators, 349 
installation, centrifugal, 391 
light service or tank, 1062 
location of a, 354 
main valve is steam-thrown in all, 381 
mud, or “‘ booster,’’ 383 
packing, square, handling of, 359 
pipe connections for, 364 
lines, when long are required, 397 
pressure it can work against, 367 
priming, centrifugal, 393 
and lift failure, 358 
provision for priming, 355 
questions and answers, 349 
rotary, 388 
oil, 572 
Rotrex vacuum, 389 
rules, centrifugal, 390 
runner, centrifugal, snail-shell, 386 
selection of a, 357 
size of ieee and water cylinders for, 


speed governor, the Mason, 373 
steam, boiler-power required by, 360 
the Cameron, 380 
capacity of a, 366 
compound, 354 
lubrication, packing, ‘‘slaming,”’ 357 
pressure required, 367 
supplementary pistons, 353 
valve action, 353 
water balancing pressure, 40 
suction connections, 355 
pipe, diameter of, 369 
leaks in a, 364 
queries, 350 
tank of low lift, 383 
types of, 352 
valves, setting of steam, 363 
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Pump valves, steam, lost motion in, 363 
perplex ty oh 356 
setting of, 3 
Viking eee coat 290 
water cylinder, to find diameter of, 376 
piston, to find diameter of, 367 
what is a?, 349 
Worthington compound, 379 
Pumping acids, 359 
engine, to find duty of a, 375 
horsepower of, 376 
water, air lift system, 973 
Punch, time the, 425 
Punching lace holes in a belt, 659 
Purging and equalizing header of ammonia 
condenser, 868 
Purifier construction, De Laval oil, 305 
De Laval, oil, 303 
Purifying transformer oil, 303 
Purity test of ropes, 1095 
Purpose of chimneys, 124 
of transformers, 845 
of valve lead, 45 
Push-button or automatic, elevator con- 
trol, 896 
control of hydraulic elevators, 908 
Put a damper in the chimney, 28 
zine in metallic contact with boiler, 67 


Quadruple riveted butt joints, dimensions 


of, 99 
Queries, pump, forcing, 351 
suction, 350 
Questionnaire, license, 28 
Questions and answers, pump, 349 
Quick closing valve, the strong, 634 


Radial brick chimneys, 137 


chimney-bricks, laying, 137 
clearance, 569 
clearance and shroud rings, 575 
Radiant superheaters, foster, 281 
Radiation heat loss, 238 
loss of heat by, 685 
Radiators, location of, 987 
surface required for heating, 987 
water seals at, 988 
surface, location of, 200 
Radii-averaging instrument, 426 
Radius internal, 680 
proportional, ‘of gear or pinion, 672 
“Rainbowing”’ of steam piping, 13 
Range of Corliss cut-off, 557 
of inspirator and injector, 396 
Rate of combustion, 244-246 
and clinkering coal, 60 
fuel control by, 247 
Rated DOr Ome: weights of engines per, 


Rating, A.S. M. E. of steam boilers, 74-75 
boilers by feed water, 286 
of refrigeration plants, 853 . 
of steam boilers, 74 
tag, capacity, for safety valves, 461 
Ratio of areas of cylinders, rule for, 559 
of elevator roping, 887 
of expansion, actual, 1077 
and cut-off, 512 
to find, 513 
of steam and water pump cylinders, 366 
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Ratteau, Zoelly or single stage expansion, 
569 


Raymond and Fuller pulverizing mills for 
coal, 187 
Reactance, negative, 800 
Reaction impulse turbines, 578 
steam turbine, Allis-Chalmers, 575 
turbine, a true, 576 
type, Sele Bow turbine Westinghouse, 


Reading meters, accuracy in, 938 
speeds with a vibrating tachometer, 639 
thermometer, incorrect, 413 
Reassembly of safety valve feather and 
bushing, 467 
Reaumer thermometer scale, 413 
Reboilers, refrigeration system, 855 
Receiver at for Diesel engine, care of, 


compressor, explosions in, 970 
exhaust re-heater in a, 340 
pressure in a, 340 
Reciprocating air pumps, lossof heatin, 320 
engines, 480 
aligning, 513 
Record, boiler room, keep a, 256 
time, mechanical, 423 
Recorder, COz automatic, 234 
Foxboro-Heath, 441 
draft, Uehling differential, 263 
gages, moisture-proof, 427 
pressure, multiplex, 425 
Uehling differential, 421 
Recording ammeter, 819 
ash-pit loss, 267 
gages, diaphragm type, 425 
float type, 424 
instruments and gages, 412 
importance of, 241 
and integrating device, Hoppe’s, 941 
meter device, 941 
pressure gages, 422 
tachometer, 443 
thermometers, 427 
movements, 428 
voltmeter, 819 
wattmeter, 819 
Recover latent heat, to, 32 
Recovery of ammonia gas, 870 
Reddish opener color in ice, presence of, 
8 


Reducing friction in suction pipe, 355 
lag of alternating current, 799 
motions, indicator, 34 
valve, single seat, pilot operated, 454 

Reduction gear, speed, helical, 575 

oil for, 575 
Reed, vibrating, tachometers, 637 
Re-evaporation and cylinder condensation 
overcome, 9 

Refacing safety valve feather, 467 

Reference tables, handy, 1037 

Reflectors, incandescent lamp, 814 

Reform thermometers, 429 

Refractory materials, fusion of cones of, 

997 


Refrigerating machine, exhaust steam, 868 
machinery, lubrication of, 859 
machines, steam cylinders of, 860 

starting a, 853 
stopping a, 854 
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Roineeraerg machine, Vogt absorption, 


atmospheric, 875 
double pipe, 875 
tubular construction, 875 
plant, standard, 865 
system, air in, 856 
ammonia, vacuum in, 857 
brine, 852 
charging with ammonia, 862 
Refrigeration, brine and expansion 
system, 852 
cycle, the, 863 
horsepower required per ton of, 1091 
mechanical, ice making, 850 
process of, 862 
operations, continuous, 863 
principles, 850 
plants, automatic, 882 
instructions, 853 
rating of, 853 
pump and condenser, 851 
required, B.t.u., for 1000 feet of air, 982 
system, direct expansion, 852 
reboilers, 855 
work of, 851 
Refuse chain or flight conveyor ash dis- 
posal, 209 
saw mill, moisture and heating value of, 


or shavings, firing boilers with, 77 
fuel, boilers for, 77 
wood, composition and heating value 
of, 180 

Regrinding valve seating surfaces, 446 
Regulating the damper regulator, 262 
Regulation, automatic engine. 624 

of boiler feed water, 257 

cqmparison of automatic and throttling, 


of condenser injection water, 343 

of condenser vacuum, 340 

damper, 236 

of draft, 152 

of mechanical cold, 852 

turbine, governor, changing, 598 

of turbines by governor, 597 
Regulator, boiler feed water, Williams, 200 

copes boiler feed water, 258 

damper, Craig, 265 

regulating the, 262 

feed water, operation of the copes, 259 

P. & S. standard damper, 265 

water flow, 234 
Re-heater, exhaust, in receiver, 340 
Reilly coil heater, 297 
Reinforced concrete stacks, 140 
Reinforcing, concrete stack, 142 

rings, to calculate, 103 
Relation of phase, 726—727—729 

between pamecoe strength and e.mf., 

2 


pressure and velocity of fluids, 946 
Relative humidity and dew-point, 980 
volumes of steam and water, 32 
Relays ee for elevator control, 


Release, low-voltage, 759 
Relief, emergency, in ammonia accidents, 


valve in turbine exhaust, 587 
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Remedy for constructive engine defects, 
19 


for incrustation and sediment, 290 
Remodelling of chimneys, 145 
Removal of air from feed water, 276 
Removing grease from surface condensers, 


scale from Hancock inspirator, 399 
Renew fusible plug filling occasionally, 62 
Renewal, partial, turbine oil system, 596 

needed, make notes of, 35 
Repairs, engine, make at once, 19 

tools and material, list them, 35 
Representing alternating currents with 

sine curves, 724 
Republic, flow meter, 945 
Repulsion and attraction of magnets, 695 

magnetic and current flow, 698 

of two magnets, 697 
Requre ments of air per hour, 1005 

of boiler construction, 57 

for satisfactory working, 42 

of steam atomizers, 198 

efficiency, 236 
Reseating machine, lagonds, 269 
Reserve steam engine power, 625 
Reservoirs, capacity of in gallons, 1048 
Resilence or toughness, 679 
Resistance of a belt to slipping, 653 

in an electric conductor, change of, 998 

external, in motor circuits, 758 

in motor circuit, 764 
Return air lift, 977 

steam trap, Morehead, automatic, 306 

tubular boiler, calculating boiler horse- 

power from the heating surface, 
Returning water of condensation, 988 
Reverse current globe valve, 478 
Reversing motors, 764 
Revolving field generator, 789 
Ridgeway engines, 494 
Riding cut-off valve, setting a, 533 
Rings, collecting, 707 

armature winding, 742 

and drum armature coils, 743 

dummy, 577 

orifice, discharge of water through, 371 

packing, and segments, France, 

water seal or steam seal, 577 
perarers aud clean-out door for stack, 


piston, 16 
groaning, 16 
reinforcing, to calculate, 103 
shroud and radial clearance, 575 
and solid armatures, 717 
turbine, blade, 577 
Riveted, qqouple butt joints, dimensions of, 


fire sheets, 54 

joints for boilers and tanks, 94 

Jap joints, dimensions of, 95 

quadruple, butt joints, dimensions of, 99 

triple, butt joints, dimensions of, 97 
Rivets and zound headed bolts, weight of, 


section and strength of plate, 94 
Roach overfeed stoker, 150 
underfeed stoker, 160 
Rock drill air constants, 1084 
required by, 1084 
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Rocker-arm, Corliss engine, adjustment 
of, 550 
Rod, ammonia, metallic packing, 878 
brasses, connecting, liners for, 19 
connecting, brasses for, 1 
length of, 44 
tightening brasses of, 18 
connections to piston and cross-head, 18 
elevator piston, packing of, 927 
lightning, for chimney, 140 
metallic packing for ammonia, 878 
packing, ammonia, standard all-metal- 
lic, 879 
piston, area of, 560 
suspension, for boilers, ‘turnbuckles in, 59 
valve, angularity and valve cut-off, 47 
“Roney ” stoker, 154 
Room, boiler, steam, limites, 55 
humidity temperatures, 978 
Rope control, elevator, principles of, 893 
hand, control, elevator, 893 
horsepower transmitted by, 1095 
manilla, horsepower transmitting capac- 
ity of, 1096 
purity test of, 1095 
transmission, 1094 
Rotary convertor, the, 808 
voltage in a, 808 
oil pump, 572 
pumps, 388 
transformer, construction of a, 807 
and convertors, 806 
principle of the, 806 
“Rotation” and ‘‘hand”’ of engine, 488 
Roto boiler tube cleaners, 269 
Rotor, elastic suspension of, 581 
misalignment, of turbine, 581 
period of vibration, 581 
turbine, drum type, 579 
shaft and disc, 581 
unbalance, turbine, 581 
Rotrex vacuum pump, 389 
Rough or eccentric commutator, 775 
Round and square iron, weight of, 1042 
strand cable, 19-wire, 1098 
Royer, flow meter or indicator, 943 
Rubber mats in front of alternators, 797 
Rubbing pe vibrating of steam turbine, 


Rubs pole pieces, armature, 778 
Rule, A. 8. M. E., for boiler safe working 
pressure, 100 
for boiler braces, 85 
from equation, 87 
common sense, violation of, 58 
for centrifugal pumps, 390 
for factor of evaporation, 102 
for laying up a boiler, 29 
for lever safety valves, 458 
and problems for belts, 651 
for steam engines, 508 
for ratio of areas of cylinders, 559 
for total heat loss, 991 
U.S., peer boiler safe working pressure, 
for weights of flywheels, 508 
“Rule of Thumb” for safety valves, 80 
for heating surface, 995 
Run circuits systematically, 824 
small engines at high speed, 480 
Running alternators in parallel, 796 
Diesel engines, why they smoke, 1027 


INDEX 


Saiceunrd expansion and contraction, 59 


Safe pressure on braced surfaces, 87 
working pressure, A. S. &. E. rule for 
boilers, 100 

boiler Pe eae: 100 

= safe load, 

U.S. rule ae at 100 
appliances, inspect after each 
application, 902 

devices, elevator, 892-932 

eare of, 934 

or economy of boilers, 58 

feature of traction elevator drive, 888 

governor, elevator, 934 

at high boiler pressure, 72 

limit, don’t wait for it to be reached, 35 

pop, valves, 458 

dimensions, 466 
for saturated steam, 459 

of steam boilers, 58 

switch, elevator car, 892 

valve, air compressor, 955 
blowdown, adjustment of, 462 
capacity rating tag, 461 
chattering of, 463 
don’t open suddenly, 27 
for each boiler, 27 
examine seats of, 457 
feather and bushing, reassembly of, 


Safety 


refacing, 467 
grinding, 464 
installing consolidated, 461 
leakage, 463 
lever, 456 
cut off extra length, 457 
rules for, 458 
marine type, 463 
pop, for superheated steam, 460 
popping pressure, adjustment of, 462 
“Rule of Thumb,” 80: 
seats, lapping, 466 
leaky, 453 
size of, 80 
water column, 373 
wedge plank, elevator, 933 
Samples, taking of chimney gas, 233 
Sarco spiral, 310 
steam trap, 309 
connecting, 311 
trap, action of, 311 
Sash clearance, window, 990 
Satisfactory boiler working, requirements 
for, 42 
Saturated steam characteristics, 1067 
dry, expansion with, 451 
pressure and temperature of, 689 
properties of, 1067 
safety pop valves for, 459 
stationary pop valves for, 458 
Saturation temperature, lowest, 978 
Saving of coal, centracting for, 482 
per year with automatic engine, 482 
heat from blow-off tanks, 788 
made by the steam air-ejector, 322 
Saw mill xh Reger moisture and heating 
value of, 185 
Scale, boiler, 65 
loss of heat caused by, 291 
from sulphate of lime, 291 
treatment of, 34 
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Scale in injectors, 396 
removing from Hancock inspirator, 399 
thermometer, 412 
compared, 1079 
Fahrenheit, 412 
Reaumer, 413 
Scraper conveyor ash disposal, 208 
Scraping slide valves, 20 
Screen, water, in boiler circulation, 191 
Screw conveyor, 211 
cutting in a lathe, 686 
and worm wheel, 664 
Screwed staybolts, maximum allowable ‘ 
pitch of, 84 
Screws of fine pitch, cutting, 686 
Sea level weight of atmosphere at, 30 
Sealing Genes, when water is used for, 


Seals, water, at radiators, 988 
or steam packing rings, 577 

Seams, curvilinear, 680 

longitudinal, 680 

and tubes leaky, caused by blowing-off 

boiler while hot, 61 
Seating surfaces, valve, regrinding, 446 
Seatless blow-off valve, 450 
Seats of safety valves, examine, 457 
lapping, 466 

Recondary,/ pHInary and territary inlets, 


Section, base, for steel stack, 134 


XXIII, 814 
XXIV, 850 
XXV, 885 
XXVI, 937 
XXVII, 953 
XXVIII, 983 
XXIX, 1007 
XXX, 1035 
Sections, boiler, single plate, 76 
steel stack, 131 
Sediment and incrustation, remedy for, 
29 


and scale in injectors, 396 

and water line glasses, 61 
Segment area, calculating, 91 

circular, areas of, 1045 

and packing ring, France, 878 
Selecting a boiler feed pump, 81 

an indicator spring, 616 
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Selecting an inspirator or injector, 81 
a pump-driving steam boiler, 361 
Selection of cylinder oil, 15-506 
of a pump, 357 
of a steam boiler, 76 
of uniflow engine oil, 505 
Self-contained oil system for turbines, 
care of, 593 
induction, induced current, 726 
and mutual induction, 720 
variable, 731 
Btariing neice phase induction motor, 


sustaining steel stacks, 130 
Semi-anthracite and anthracite coal, 179 
bituminous coals, Pocahontas, Georges 
fee Windler, New River, etc., 


1 
Diesel engine, 1012 
behavior of a, 1028 
suggestions for, 1030 
oil engines, 1018 
Sensible and latent heat, 35 
of steam, 7 
and total heat, 32 
Separating calorimeters, 436 
Separation of mercury column, 413 
Separators, ammonia, 860 
calorimeter instructions, 440 
filters—traps, 302 
Hoppes steam, 315 
oil twin strainer, 313 
twin strainer, 312 
Series arc lighting transformer, 847 
and shunt connections, 745 
transformer construction, 847 
Service department, elevator, 902 
high, small pump for, 385 
light, or tank pumps, 1067 . 
Set Corliss exhaust eccentric first, 554 
Sets, generating, small turbine, 584 
Setting auxiliary exhaust valves, 504 
boilers, bricks required for, 1058 
loss through ignorance, 59 
the uniflow, 122 
Corliss engine steam eccentric, 554 
exhaust valves for a given compres- 
sion, 551 
valves, 549 
cut-off valves, 182 
exhaust eccentric of Corliss engine, 554 
of grates in a boiler furnace, 47 
piston valves, 527 
a plain slide valve, 519 
Porter-Allen exhaust valves, 542 
a riding cut-off valve, 533 
a slide valve in a hurry, 522 
with link motions, 523 
steam boilers, safeguard expansion and 
contraction, 59 
pump valves, 363-364 
valves of Porter-Allen engine, 542 
York engine steam valves, 503 
Settings for steam boilers, 59 
Several generators, switchboard for, 819 
Shadow brick, 282 
Shaft, aligning engine with, 649 
angle, steam turbine, 577 
direct coupled, aligning engine with, 651 
and disc rotor, 581 
governor eccentric, arrangement of, 44 
engine, to increase horsepower of, 23 
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Shaft, leveling with paper adjustment, 649 
main, aligning extension to, 648 
power table, 669 
test the main, 649 
turbine, carbon packing for, 573 
Shape of lever valve stem, 46 
Shavings or refuse fuel, boilers for, 77 
Shearing strength, 679 
Sheave bearings, elevator, 
lubrication of, 431 
Sheets, boiler, fire, riveted, 54 
iron, weight of per square foot, 1044 _ 
Short distance alternating current dis- 
tribution, 809 
pipe, threading a, 684 
Shroud rings and radial clearance, 575 
Shunt en compound windings for motors, 
4 


overhead, 


and series connections, 745 
Shutting down alternators, 797 
large turbines, 592 
mixed pressure turbines, 592 
a small condensing turbine, 591 
a steam plant, 4 
“SI” cycle of operations, 1019 
De La Vergne oil engines, 1619 
Side dump stokers, 159 
overfeed stoker, the Murphy, 151 
Side-walls, boiler, 105 
Sight feed lubricators, automatic, 470 
connecting a, 372 
Signal steam nozzle, 215 
Simple method of tempering steel, 687 
Simplicity in steam piping, 368 
Sine curve, complete, 724 
the, and alternating currents, 723 
diagram, 727 
representing alternating currents, 724 
Singing or hissing of brushes, 779 
Single belts, driving power of, 657 
double-flow turbines, 578 
flow turbines, 578 
jet booster, 220 
phase generator, 786 
induction motor, 804 
explanation of, 401 
self-starting induction motor, 805 
plate boiler sections, 76 
seat, pilot operated, reducing valve, 454 
and six unit CO2 meters, 948 
stage air compressor, 967 
expansion, Ratteau or Zolly, 569 
tube condensers, 330 
pressure gages, 416 
Westingh uc. reaction type turbine, 


Bex eigbb tee) method, squaring by the, 
650 


unit CO2 meters, 948 
Sizes of anthracite 
coal, 60 
and capacities of Penberthy injectors, 
5 


0 
of U.S. injectors, 404 
of chimney as determined by gas, 128 
and horsepower, 125 
by horsepower, 126 
of injector piping, 398 
of pump discharge nozzle, 369 
of a steam header, 11 
of safety valve, 80 
and water cylinders for pumps, 360 


and bituminous 
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Sizes of wire for distribution circuits, 
825 
Skin, for the, 883 
Skinner counterflow engine, 493 
uniflow engines, 498 
Slack cable switches, elevator, 892 
coal, soft, directions for firing, 26 
Slagging of pulverized coal, 190 
“Slaming”’ of steam pumps, 357 
Slide valve, care of, 16 
cut-off, changing, 43 
cylindrical, 486 
defects of the, 486 
engines, stationary, h.p. of, 1072 
exhaust cavity, 43 
expansion limit of the, 486 
fitting of, 19 
hurry setting, 522 
is used on locomotives, 481 
lengthen the, 486 
object of outside lap, 46 
oue objection to, 481 
plain, function of the, 516 
setting a, 519 
scraping of, 20 
with link motions, setting, 523 
Slight drop of steam pressure, 252 
rise of steam pressure, 253 
Slip, belt resistance to, 653 
Slow-speed elevators, 887 
engines, design of, 481 
Small condensing turbine, shutting down 
a, 591 
engines, boiler feed water 


y, 287 
should run at high speed, 480 
high-service pump, 385 
and large plants, stokers for, 158 
non-condensing turbine, starting a, 589 
steam engines, boiler feed water re- 
quired by, 285 
pipe, effect of, 611 
and too old boilers, 55 
turbine generator sets, 584 
Smoke, cause of, 27 
nuisance, the, 238 
prevention jets, consumption of steam 


required 


Y> 
Snail-shell centrifugal pump runner, 386 
Soap, scft, and air compressor carbon 
deposits, 960 
Soda, carbonate of, 67 
tannate of, 67 
Soft lump coal, directions for firing, 26 
patch for steam boilers, 69 
slack coal, directions for firing, 26 
soap and air compressor carbon de- 
posits, 960 
steel asbestos-filled handhole gaskets, 
2 


45 
Soldering fluid, 683 
fluxes, 838 f 
Solid, liquid and pulverized fuels, 178 
expansion of by temperature increase, 
99 


melting points of, 1080. 
and metals, melting points of, 1081 
and ring armatures, 712 
Something for nothing, never, 678 
Soot blower, built-in, 111 
collectors in chimney, 140 
for concrete chimney, 142 
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Source of generator heat, locating cor- 
rectly, 780 
of power in gas engines, 1010 
Spaces, clearance of engines, 507 
of steam in reverse proportion to space, 


Spacing lamps, 814 
Searing yo commutator brushes, why, 


causes of, 775 
Specific heat, 680 
Speed eo peciey, of centrifugal pumps, 


of condenser air pump, 339 
critical, of turbines, 581 
turbines, 591 
Diesel engine, when it loses, 1028 
engine governor, changing of, 22 
gear, calculating, 665 
governor for high pressure elevator, 916 
pump, Mason, 373 
limit band, ‘the Falls, 631 
engine stop, 636 
piston, in feet per minute, 1076 
or Bowe of Corliss engine, to increase, 


reading pas a vibrating tachometer, 
6 


reduction gear, helical, 575 
oil for, 575 
of small engines should be high, 480 
of steam turbine, altering the, 572 
of ventilating fan, 992 
Spiral, Sarco, 310 
Spray-type dehumidifier, 981 
water, cleaning of economizers, 277 
Spring governor, Gardner, 641 
and gravity, combination governor, 643 
indicator drum, tension of, 617 
selecting a, 616 
piston, adjusting, 16 
Spur and miter gears, 669 
Square cisterns, capacity of, 1056 
packing, pump, handling of, 359 
and round iron, weight of, 1042 
“Squaring’’ a line, 650 
by the 6—8-10 method, 650 
Squires steam trap, the ‘‘genuine,’’ 308 
Stacks, boiler, dimensions of concrete 
foundations for, 130 
concrete, reinforcing, 142 
guyed, joints for, 136 
guys, angle of, 137 
number of, 136 
reinforced concrete, 140 
sections, steel, 131 
steel, base section for, 134 
details of a, 132 


guyed, 135 
steel, guyed, plate thickness for, 135 
lining of, 131 
preservation, 132 
self-sustaining, 130 
Stage, Curtis, the, 579 
high-pressure, 569 
low-pressure, 569 
Standard all-metallic ammonia, rod-pack- 
ing, 879 
rod-packing for steam, 879 
American boiler maker’s, 40 
blowers, Eynon Evans, 972 
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Standard compressor valves, De~La Steam boilers, energy stored in, 52-1057 


Vergne, 873 
meter, 681 
P. & S. damper regulator, 265 
refrigerating plant, 865 
Start an engine slowly, 3 
Starter’s motor, 759 
Starting alternators, 793 
connected in parallel, 193 
boiler furnace, fires, 26 
a compound condensing engine, 342 
Diesel engines, 1021 
failure of ignition at, 1026 
a generator, 767 
induction motors, 804 
mechanism, Fulton Diesel engine, 1016 
medium sized turbines, 590 
mixed pressure turbines, 592 
oil-cup flow, 684 
parallel, direct coupled alternators, 796 
pressure (air lift), 975 
a refrigerating machine, 853 
a small non-condensing turbine, 589 
steam turbines, 14 
and stopping an injector, 404 
synchronous motors, 798 
torque of alternating current motor, 804 
turbines, 579 
adjustments required before, 583 
two or more compound-wound gener- 
ators, 822 
Static head (air lift), 975 
Stationary engine lubrication, 15 
oil filter, multiple, 302 
pop valves for saturated steam, 458 
Staybolts, screwed, maximum allowable 
pitch of, 84 
Stays, boiler, through, 88 
Stayed and flat boiler surfaces, 84 
Steadiness of water level, 110, 180 
Steam coon valves, how to keep tight, 


air-ejector, saving of heat made by, 322 
atmospheric pressure of, 50 
atomizers for oil burning, 198 
requirements, 198 
boilers, adaptability of, 58 
A. S. M. E. rating, 74-75 
braces, 85 
calculating a, 86 
equation for, 86 
rule for, 85 
strength of, 85 
calculating safe working pressure, 100 
care of, 59 
circulation in a, 77 
of water in a, 684 
closing a, 26 
commercial horsepower of, 74 


evaporative tests, 236 
feed pipe, 80 
underground, 81 
pumps, 60 
selecting a, 81 

fire brick masonry, 164 
firing with shavings or refuse, 77 
flat and stayed surfaces, 84 
foreign matter in, 290 
forms of, 58 
free carbonic acid, if, 64 
furnaces, 49 

weight of air fed through, 243 
gage or try cocks, 82 
hammer test, 72 
for hard water, 77 
head braces, calculating, 89 

bracing, 87 
heating surface, 40 
horizontal tubular, 79 
horsepower of, 72 
hydrostatic test, 71 
improvements in, 75 

in calking, 76 
incrustation and sediment, 290 
inspection, 69 
inspector should ‘‘crawl,’’ 72 
leaks in a, 68 
locomotive or firebox, 79 
opening a, 26 
overloaded, 54 
patching, 69 
plates, blisters on, 60 

corrosion of, 70 

strength and rivet section, 98 
power, surplus, 77 
preservative action of zinc in, 67 
pressure, high, safety at, 72 
priming, 7 
pulsation in, 788 
rating of, 74 

by feed water, 286 
safety of, 58 


safe working pressure, A. S. M. E. 


rule for, 100 
sections, single plate, 76 
selecting a for driving a pump, 361 
selection of a, 76 
settings, 59 
for shavings or refuse fuel, 77 
size of safety valve for, 80 
soft patch for, 69 
steel for, 1179 
testing, 71 
trimmings, 80 
vertical, 79 
wear and tear, 67 
what is a?, 52 


conditions of draft, grate surface, fuel zinc in, 67 
and management, 74 calorimeter, 430 

construction of, 53 chest cards, 610 

defects of, 92 circulation, manner of, 985 
corrosion of by pure water, 70 coils, heating pools by, 1003 
design, 57 condenser, action in a, 324 
directions for firing, 26 exhaust, three types of, 329 
don’t empty while hot, 61 consumption at full stroke, 484 
dry pipe, 84 per horsepower, 73 
economizers, 272 of smoke prevention jets, 249 
economy, 5 cylinders of pes patent menos 860 

of the, 58 demand, air control by, 2: 


efficiency, 42 


dome, boiler, 83 
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Steam dome, weakness of the, 83 
draft controller, 248 
dry saturated, expansion with, 451 
eccentric, Corliss, setting of, 554 
efficiency requirements, 236 
ejector, Elliott, 322 
engine, gain with direct coupled 
with: shaft, 649 
the best, 480 
compound condensing, starting, 342 
cylinder clearance, what is it?, 33 
diagrains, eccentric, 613 
factor, 509 
eccentric, effects of moving, 612 
out of place, 611 
economy in operation of, 21 
expanding air in an, 685 
flywheels, 641 
formula, 513 
governors, 640 
combination spring and gravity, 643 
commonest form of, 640 
Gardner, spring, 641 
the Tolle, 644 
greatest improvements, 33 
ice-plant, lubrication of, 860 
indicator, uses of the, 615 
lubrication of a, 14 
regulation, comparison of automatic 
and throttling, 624 
rules and problems, 508 
reserve power, 625 
small, boiler feed water required by, 
285-287 
stop, Corliss, 552 
triple expansion, what is a?, 33 
exhaust, condenser, 324 
flanges, turbine, 583 
injector, 394 
installing condensers for, 326 
refrigerating machine, 868 
expansive limit of, 9 
flow of through an orifice, 102 
force of, 52 
force of, where it comes from, 50 
gain by expansion of; 490 
gage, boiler, 82 
should be tested, 61 
syphon, 82 
header, connections to and from a, 12 
expansion and contraction of a, 13 
size of a, 11 
vibrations of a, 13 
and heat, 236 
leaks, 6 
necessary to form, 36 
heating, 984 
high and low pressure, using, 8 
pressure, to generate, 8 
generation is profitable, 7 
using of, 8 
inlets, ipeanty ‘secondary and tertiary, 
5 


in a turbine, course of, 563 
jet ash conveyor, 213 
the Green, 214 
disposal system, operation of, 216 
blowers, 972 
boosters, 219 
elbow, 90 degree, 217 
and impact elbows, 219 


Steam, latent heat of, 36 

“leak-off’’ path, 577 

line, air in a, 13 

live wasted, 485 
with exhaust, 994 

low-pressure, using, 8 

meters, 938 
Gebhardt, 943 

method of expanding i in turbine, 568 
of turning on, 14 

not a mystery, 58 

nozzle, signal, 215 

pipe, bare, heat loss from, 1063 
boiler, 82 
for engine, to find diameter, 506 
pvaked, money loss from, 1064 
pitch of, 987 
too small, effect of, 611 
support near turbine, throttle valve, 


piping, “rainbowing” of, 13 
simplicity in, 368 
piston valve, imperial, air compressor, 
68 


pressure, the cause thereof, 51 
drops slightly, 252 
and fuel bed normal, 252 
and injector lift, 47 
for lifting water with Hancock 
inspirator, 399 
normal, fuel bed thickening, 253 
required for a pump, 367 
restored to normal, 253 
in reverse proportion to space, 51 
rises slightly, 253 
pump balancing pressure, 40 
boiler-power required by, 360 ° 
capacity of a, 366 
the cameron, 380 
compound, 354-1073 
cylinders, compound, 1074 
data, 362 
duplex, 1061 
lubrication, packing, “‘slaming,” 257 
main valve is steam-thrown in all, 381 
supplementry pistons, 353 
valve action, 353 
lost motion in, 363 
“nerplexity”’ of, 356 
setting of, 363-364 
room, boiler, limited, 55 
saturated, characteristics of, 1067 
pressure and temperature of, 687 
properties of, 1067 
safety pop valves for, 459 
stationary pop valves for, 458 
separator, Hoppes, 315 
superheated, pop safety valves for, 460 
for turbines, 284 
traps, connecting Sarco, 311 
Elliott ‘‘class A,” 307 
MeDaniel improved, 307 
Morehead automatic return, 306 
Sarco, 309-311 
the Squires ‘‘Genuine,”’ 308 
Sterling vacuum, 308 
turbines, allowance for expansion in, 


axial flow, 570 
circumferential flow, 570 
construction, 568 
critical speed, 581 
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Steam turbines, Curtis, 570 
economy, 580 
fly-ball governor, 571 
general electric, 568-570 
hydraulic governor, action of, 572 
impulse, 568 
inlets, primary, secondary and 
territary, 579 

method of expanding steam, 568 
nature of, 579 
operating, 589 
piping, 586 
reaction, Allis-Chalmers, 575 
rubs or vibrates, 581 
speed, altering of, 572 
starting of, 14-579 
Terry, principle of, 572 
thrust bearing, 577 
vibration, 581 

turning on in large lines, 13 

use it expansively, 485 

Steps, ten, of turbine installation, 583 

use expansively, 9 

using full stroke, 484 
low-pressure, 8 

valves, setting York engine, 503 

and water driven alternators in parallel, 
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elasticity of, 50 
pump cylinders, ratio of, 366 
size of, 360 
relative volume of, 32 
required to condense, 325 
seal packing rings, 577 
what is it?, 32 
Steel boiler plates, strength of, 40 
and brick stacks, dimensions of 
foundations for, 130 
can ash disposal, 207 
mixture protective blow-off-pipe blocks, 


simple method of tempering, 687 
soft, oon filled handhole gaskets, 


stack ‘bale Been, 134 
details of a, 1 
guyed, plate erioieates for, 135 
guys for, 136 
lining of, 131 
preservation, 132 
sections, 131 
self-sustaining, 130 
for steam boilers, 1179 
valves and fittings, drop forged, 452 
Stem, valve, length of, 44 
packing valves under pressure, 453 
“Step-down” transformers, 846 
“Step-up”’ SPADE Ore T, 846 
Stick, sulphur, 8 
Stirling vacuum steam trap, 308 
boilers, bad feed water in, 117 
baffles in, 114 
description of, 112 
hand-fired, 115 
operation of, 116 
integral economizer, 274 
water tube boilers, 112 
Stoker, the Coxe, 148 
files hand, 163 
furnaces, boiler chimneys, 124 
vs. hand firing, 256 
hand, with coal hopper, 164 


, 
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Stoker, Huber hand, 164 
Jones, automone supply of air and fuel, 
15 
underfeed, 157 
McClave underfeed, overfeed, 153 
mechanical, 147 
the Murphy side overfeed, 151 
the Roach overfeed, 150 
the ‘‘Roney,’’ 154 
side dump, 159 
for small and large plants, 158 
the Taylor gravity underfeed, 161 
timer, mechanical, 155 
two kinds of air pressure in, 161 
types of, 147 
underfeed with Dutch Oven, 158 
the Roach, 160 
Westinghouse, 155 
Westinghouse, 154 
chain grate, 155 
Stop, Corliss engine, 552 
engine, mechanically operated, 633 
needed, engine, 630 
speed limit, engine, 631 
steam engine, closed circuit, current for, 
632 
suddenly, when the elevator car, 901 
and throttle, engine, and strong, 634 
valve, automatic for hydraulic elevator, 
913 
low-pressure, for hydraulic elevator, 
920 
when the elevator car fails to, 901 
Stopping boiler-setting air leaks, 174 
a Diesel engine, 1023 
mai) Soot elevator, automatic, 


engine when fire is heavy, 29 
an injector, 404 
a refrigerating machine, 854 
Stored energy in steam boilers, 1057 
“Straightway’”’ blow-off cocks, 61 
Straight pipe, flow of water in gallons 
through, 372 
Strain in direction of grain, 680 
Strained and burned boilers, 55 
Strainer, air compressor suction, 956 
holes, area of, 355 
turbine oil, examine the, 594 
at turbine throttle valve, 587 
twin, oil separator, 313 
separator, 312 
Strains paeeces by pulsation in boilers, 


Strong, engine stop and throttle, 634 
Straps, eccentric, watch the, 20 
when they heat, 20 
Strength, 679 
of boilers, 57 
braces, 85 
bursting and collapsing, of boilers, 47 
crushing, 679 
of current, uniform, 712 
of a gear tooth, 674 
of iron bolts, 1044 
of plate and rivet section, 94 
shearing, 679 
of steel boiler plate, 40 
tensile, 679 
torsional, 679 
transverse, 679 
working, 679 
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Stress, 680 
on diagonal braces, 90 
Strikes or rubs pole pieces, armature, 778 
Stroke card, indicator; 610 
full, consumption of steam at, 484 
using steam at, 484 
, admission, Diesel, 1014 
, compression, Diesel, 1014 
, power or expansion, Diesel, 1014 
, exhaust, Diesel, 1015 
Strong, quick closing valve, 634 
Study economy of machines, 35 
your surroundings, 35 
Stuffing boxes, valve-stem, 16 
Styles of joints for guyed stacks, 136 
Sub-bituminous or black lignite coal, 178 
Submergence (air lift), 975 
Pied thet various, boiling points of, 
1 
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Suction ash conveyors, capacity of, 220 
double connection, 355 
and equalizing lines of ammonia con- 
denser, 868 
furnace, correct, 246 
pipe, air compressor, 956 
injector, must be tight, 398 
inspirator, locating leaks in, 399 
pump, diameter of, 369 
leaks in a, 364 
reducing friction in, 355 
vacuum in a, 377 
pump, connections, 355 
queries, 350 
SumReHtone. for the semi-Dissel engine, 
1030 


Suction strainer, air compressor, 956 
Sullivan, air compressor valves, 965 
end-rolling finger valves, 966 
low pressure compressor valves, 967 
Sulphate of lime, 6 
of lime scale, 291 
Sulphur in coal, corrosion of plates by, 70 
dioxide, properties of, 1087 
sticks, 855 
Buperhested steam, pop safety valves for, 


for turbines, 284 
Superheaters, 278 
economizers—tfeed water heaters, 272 
foster radiant, 281 
gains, various, 283 
increase economy, 283 
with old boilers, 283 
surface, radiant, location of, 280 
unit connections, 279 : 
Supplies for first aid. in ammonia acci- 
dents, 884 
on hand, list them, 35 
Supplementary pistons, steam pump, 353 
Support, for steam pipe near turbine 
throttle, 587 
Supply, automatic, of air and fuel to Jones 
stokers, 159 
Surface, patom iris and jet condensers, 


30 

blow-off, using the, 63 

boiler, flat and stayed, 84 

braced, safe pressure on, 87 
condensation, air required for, 981 
heating, 994 

condensers, cleaning of, 338 

efficiency of, 39 
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Surface condenser, Elliott Ehrhart, 323 
removing grease from, 338 
when to use, 332 
conductability, equals ‘‘K,’’ 989 
heating, calculations, 41 
of a boiler, 40 
per horsepower, 73 
of H. T. boilers, 1058 
“Rule of Thumb”’ for, 995 
radiator required for heating, 987 
radiant superheater, location of, 280 
valve seating, regrinding, 446 
Surplus boiler power, 77 
Surroundings, study your, 35 
Suspended furnace arches, 170 
long boilers, 59 
Suspension rads for boilers, turnbuckles 
in, 
of rotor, elastic, 581 
Swallowed ammonia, treatment for, 884 
Swimming peck, boiler-power for heating, 
1 


Swing check valves, cushioned, 450 
Switchboard arrangement for two gen- 
erators, 824 
for several generators, 819 
for ne eG more compound generators, 
1 


Switch, car, elevator control, 895 
safety, elevator car, 892 
Switches, elevator slack cable, 892 
governor, elevator, 892 
Synchronizing lamp connections for 
generators, 794 
Synchronous condenser, 736 
induction motor is not, 804 
motors, 798 
starting, 798 
will ‘‘ keep step,’”’ 798 
Syphon or barometric condenser, 335 
distribution for pulverized coal, 192 
steam gage, 82 
Systematically run circuits, 824 
Systems for ash disposal, 206 
of ash disposal, steam jet, operation 


of, 216 
batch, of oil v hanging for turbines, 596 
carbondale compression ammonia, 876 
carrier pamidiying., cooling capacity 
ol, 

of heating, attic supply, 985 

blowers in, 993 

the Broomell, 986 

the Cripps, 986 

gravity, 985 

the Honeywell, 986 

mercury seal, 986 

modified gravity, 986 

the Moline, 986 

the Mount-Squires, 986 

two-pipe basement main, 985 
lubricating, of Diesel engine, 1015 
metric, 681 
Monorail, the, 211 
oil, of a large turbine, 595 
partial renewal, turbine oil, 596 
of pipe-distribution, 984 
polyphase, 730 
for pulverized fuel, the Lopulco, 194 
of pumping water, air lift, 973 
refrigerating, air in, 856 

brine, 852 
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Systems, refrigerating, charging with Table, flattened strand cable, 1098 


ammonia, 862 
vacuum in, 857 
of refrigeration, brine and expansion, 
852 


direct expansion, 852 
turbine oil, air cushion in, 595 
unbalanced two- and three- phase, 730 
wiring for two- and three-phase, 729 


Table; actual ratios of expansion, 1077 


air required per hour, 1005 
for pneumatic tools, 1083 
by rock drills, 1084 
allowable carrying capacity of wires, 828 
ammonia gas per minute, 1088 
analysis of natural gas, 187 
of typical American coals, 181, 182, 
183, 184 
of areas of circular segments, 1045 
boiler feed or pressure pumps, 1063 
Does pants of various substances, 


bricks required for setting boilers, 1058 
of cables, capacity and strands of, 829 
capacity of reservoirs in gallons, 1048 
and speed of centrifugal pumps, 1075 
of square cisterns, 1056 
of wrought iron pipe, 1064 
chimney sizes by horsepower, 126 
composition and heating value of 
Bagasse, 185 
commercial gases, 202 
wood and wood refuse, 180 
weight and vaporizing points of 
fuel oil, 186 
compound steam pumps, 1073 
cylinders, 1074 
contents of cylinders, 958 
of pipes and tanks, 1054 
Oz and air excess, 254 
losses, 233 
coal consumption, 1059 
cooling capacity of carrier humidify- 
ing system, 979 
cost of coal per annum, 1060 
cubic et eae cost at 1000 gal. rate, 


current-carrying capacity of wire, 1093 
decimal equivalents of an inch, 1082 
dew-point temperatures, 979 
diagram mean pressure of ammonia 
compressor, 1090 
of diameters and areas of circles, 1038 
difference in constituents of coals, 179 
dimensions of concrete foundations 
for boiler stacks, 130 
double riveted butt joints, 96 
riveted lap joints, 95 
triple riveted butt joints, 97 
driving power of double belts, 658 
single belts, 657 
duplex steam pumps, 1061 
electrical formula, 1092 
heating equations, 996 
e.m.f. of batteries, 1092 
energy required to produce one candle 
power, 1092 
expansion with dry saturated steam, 451 
with superheated steam, 451 
of wrought iron pipe, 1064 


flow of water through an orifice, 1053 

fuel heat in flue gas, 278 

of gallons and cubic feet, 1050 

of gear power, 668 

handy reference, 1037 

heating surface of H. T. boilers, 1058 
value of fuel oils, 185 

heat units absorbed by boiler feed 

water, 288 

hoisting cables, 1098 

horsepower to compress ammonia, 1089 

h.p. seq tuted per ton of refrigeration, 

91 


of stationary slide valve engines, 1072 

transmitted by ropes, 1095 

transmitting capacity of manilla rope, 
1096 


of hyperbolic logarithms, 1037 
ignition points of various substances, 
1081 


inches in decimals of a foot, 1082 
indicated h.p. of cylinders, 1078 
initial temperature and boiling points 
of feed water, 285 
latent heat of liquids, 1082 
loss by friction of water in pipes, 1052 
maximum allowable pitch of screwed 
stay-bolts, 84 
mean absolute pressures, 1071 
melting points of fusible plugs, 1081 
of metals, 1080 
solids, 1081 
solids, 1080 
moisture and heating value of saw mill, 
185 
money loss from naked steam pipe, 1064 
19-wire round strand cable, 1098 
eon: injector sizes and Capacity, 
405 


pipe mains and branches, 1064 
piston speed in feet per minute, 1076 
plate thickness for guyed steel stacks, 


3 
pliable hoisting cable, 1100 
pop safety valve dimensions, 466 
saturated steam, 459 
superheated steam, 460 
power increase by condenser, 1073 
pressure of water due to height, 1057 
produced gases from various fuels, 203 
properties of ammonia, 1085 
of brine, 1086 
of carbon dioxide, 1086 
of saturated steam, 1067 
of sulphur dioxide, 1087 
quadruple riveted butt joints, dimen- 
sions of, 99 
relative humidity and dew-point, 980 
rock drill air constants, 1084 
room humidity temperatures, 978 
saturated steam characteristics, 1087 
of shaft power, 669 
sizes and capacities of U.S. injector, 404 
stored energy in steam boilers, 1057 
of strength and weight of iron bolt , 
1044 
tank heater capacity, 1003 
or light service pumps, 1062 
temperature and flow of fuel oil, 200 
thermal units and calories, 995 
of power by wire cables, 1097 
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Table transmission or haulage cable, 1099 
value of ‘‘K,’’ 989 
of pipe covering, 992 
of wages at monthly rate, 1047 
water required to condense steam, 325 
of weights of rivets and round headed 
bolts, 1043 
of round and square iron, 1042 
of sheet iron per square foot, 1044 
of water, 1056 
wet-bulb and dew-point temperatures, 
wire, 828 
cables for inclined planes, 1101 
fusion currents, 1094 
gages, 1041 
and metal fusing currents, 830 
wiring for alternating current three- 
phase squirrel-cage induction 
motors, 110 volts, 833 
220 volts, 834 
squirrel-cage, three-phase induc- 
tion motors, 440 volts, 835 
two-phase induction motors, 
110 volts, four wire, 836 
220 volts, four wires, 837 
of wiring for direct current motors, 
110 volts, 831 
220 volts, 832 
wrought iron welded pipe, 1065 
Tachometers, double dial, 636 
engine safety stops—governors, 630 
hand, 636 
recording, 443 
vibrating, reading speeds with a, 639 
reed, permanent accuracy, 637 
Tag, easly: rating, for safety valves, 


Taking chimney gas samples, 233 
up engine lost motion, 34 
Tandem compound engines, 559 
Tank, air compressor, 954 
blow-off, saving heat from, 788 
and boilers, riveted joints for, 94 
gage, pneumatic, 420 
heater capacity, 1003 
heating water in, 999 
light service pumps, 1062 
low hft pump, 383 
pipes, contents of, 1054 
pressure, 909 
elevator, leaks in, 931 
Tannate of soda, 67 
Tar, water gas, 186 
Taylor gravity underfeed stoker, 161 
Teeth, cast gear, curves of, 662 
gear, epicycloidal, 661 
of given diameter and pitch, 674 
involute, 662 
proportions of, 664 oa Se. 
Temperature, boiler furnace, maintain a 
steady, 28 
calorimeter calculations, 435 
change in expression of, 995 
dew-point, 979 
of feed water, 287 
and flow of fuel oil, 200 
of furnace and chimney gases, 237 
increase, expansion of solids by, 997 
a liquid by, 996 | 
initial, ene boiling points of feed water, 
28 
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Temperature, instrument used for measur- 
ing, 996 ; 
lowest saturation, 978 
oil in turbine bearings, 597 
pressure of fuel oil, 200 
saturated steam, 689 
room humidity, 978 
wet-bulb and dew-point, 982 
Tempering steel, simple method of, 687 
Temporary synchronizing apparatus, 795 
valve adjustments, 329 
Ten steps of turbine installation, 583 
Tensile strength, 679 
Tension of indicator drum 
Terminal, automatic elevator stopping 
device, 892 
buffers, elevator, 892 
Territary inlets, 579 
Terry steam turbine, 572 
Turbine wheel, principle of, 572 
Test of ammonia, 858-993 
boiler, hydrostatic, 71 
for, and close leaks, 6 
for compressor oil, 857 
gasket and connections, 854 
gage, pressure, 419 
hammer, for steam boilers, 72 
the main shaft, 649 
for polarity of circuit, 837 
pressure gage, portable, 419 
purity, of ropes, 1095 
steam boiler, evaporative, 236 
gages, 61 
turbine oil, 596 
operation, 582 
Testing and adjusting thermometers, 415 
condenser discharge water, 343 
Diesel engine cylinders for equal work, 


emergency trip, 599 
generator heat with the hand, 779 
injectors for leaks, 404 
pressure gages, 417 
dead weight, 419 
safety valve, 4 
steam boilers, 71 
There are no multiphase currents, 728 
British, 678 
Theoretical curve, the, 606 
Thermal unit, 32 
Thermometers, adjusting and testing, 415 
commercial, 413 
gas and mercury, 429 
inaccurate, and mud, 414 
journal bearing, 429 
maintaining accuracy of, 413 
movements, recording, 428 
readings, incorrect, 413 
recording, 427 
reform, 429 
scales, 412 
centigrade or Celsius, 413 
compared, 1079 
Fahrenheit, 412 
Reaumer, 413 
three record, 427 
Thermostat, dew-point or differential, 980 
Thertaeoy ace air compressor cooling, 


Thick joints are bad in fire brick, 166 
ee plate for buyed steel stacks, 
oO 
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Things you should not do, 10 
Thinning fuel bed, steam pressure normal, 
253 


Threading a short pipe, 684 
Threads, pipe, ‘‘dope”’ for, 684 
kinds of fuel burned in one plant, 


Three methods of oil burning, 197 
phase generator, 786 
induction motors, 805 
systems, unbalanced, 730 
record thermometer, 427 
types of exhaust steam condensers, 329 
way emergency valve, 467 
wire electrical distribution, 822 
Three- and two-phase systems, wiring for, 


Throttle and engine stop, the strong, 634 
automatic engines, diagrams from, 622 
regulation, comparisen of, 624 
calorimeter, 432 
advantages of, 436 
instructions, 434 
using the, 434 
engine best ‘at light loads, 625 
to increase horsepower of, 22 
indicator cards, 623 
governor, care of "the, Pu | 
valves, disc, pilot, 477 
packingless, 632 
turbine, support near steam pipe, 587 
Through stays, boiler, 88 
Thrust bearing for steam turbine, 577 
Tightening connecting-rod brasses, 18 
Tight nectar auction pipes, 398 
Time punch, 4 
records, Sa 423 
Timer, stoker, mechanical, 155 
To find coppelty. of a cylinder in gallons, 


To increase horsepower of a shaft-gover- 
nor engine, 23 
speed or power of a Corliss engine, 24 
Tolle governor, the, 644 
Ton of Re eOrR On, h.p. required per, 
1091 


Too small and old boilers, 55 
steam pipe, effect of, 611 
Tools, pneumatic, air required for, 1083 
Tooth, gear, strength of a, 674 
Top scared piston of vertical elevator, 


To recover latent heat, 32 
Torque, starting, of alternate current 
motor, 804 
Torsional strength, 679 
To start and stop an injector, 404 
Total heat loss, rule for, 991 
latent and sensible heat, 32 
Toughness or resilence, 679 
Traction ae hea! drive, safety feature of, 


elevators, gearless and geared, 886 

type electric elevators, 886 
Transfer of heat in boilers, 57 

of high temperature body and its heat 

to known quantity of water, 997 

Transformers, 842 

action in a, 843 

coil, movement of, 847 

lamps, circuits, 814 

oil, purifying, 303 
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Transformer, the perfect, 844 
purpose of, 845 
rotary, construction of, 807 
and convertors, 806 
principle of the, 806 
series arc lighting, 847 
construction, 847 
““step-up”’ and ‘“‘step-down,”’ 846 
Transmission, belt, losses in, 661 
or haulage cable, 1099 
of horsepower by belts, 657 
of power by belt, pulley and gear, 648 
by wire cables: 1097 
rope, 1094 
Transmitting capacity, h.p., of manilla 
rope, 1096 
Transverse strength, 679 
Trap, steam, action of the sarco, 311 
connecting sarco, 311 
Elliott ‘‘Class A,’’ 307 
the ‘‘Genuine”’ squires, 308 
McDaniel improved, 307 
Morehead automatic return, 306 
sarco, 309 
Sterling vacuum, 308 
Traps, separators—filters, 302 
Treatment if ammonia has been swal- 
lowed, 884 
of boiler scale, 34 
for nose and throat after 
ammonia, 883 
Trimming are lamps, 815 
steam boiler, 80 
Trip emergency, testing of, 599 
Triple expansion engine, what is a?, 33 
riveted butt joints, dimensions of, 97 
Tripping mechanism of turbine governor, 


inhaling 


Trouble from mixing two kinds of oil, 597 
locating in air compressor valves, 959 
Troublesome crank-pins, 17 
True reaction turbine, 576 
Try cocks, boiler, 82 
Tube cleaner, boiler, the dean, 267 
gages, 60 
emergency valves, 448 
the roto, 269 
Tubes, boiler, cleaning them, 62 
condenser, evidence of leaky, 337 
greasy, 331 
seams leaky, caused by blowing-off boiler 
while hot, 61 
Tubular (return) boiler, calculating boiler 
horsepower from the heating 
_ surface, 101 
Turbines, accelerating, 591 
ets yen required before starting, 


axial flow, 570 
bearings and blades, mp Hog, 594 
eare of high speed, 595 
cooling water for, 589 
temperature of oil in, 597 
water cooling coils, 572 
wear of, 580 
bed, grounting a, 584-586 
mixture, 586 
plate, leveling a, 585 
wedges for leveling, 585 
blades, method of fastening, 570 
monel metal, 578 
rings, 577 


INDEX 


Turbine, blades, Westinghouse, 578 
bypass filteration of oil for, 596 
caring for, 593 
changing oil in, 594 
condensing, 581 
course of steam in a, 568 
critical speed, 591 
Curtis, 579 

nozzle plate, 573 
double flow, 578 
drains, low préssure, 588 
economy, 580 
elastic suspension of rotor, 581 
emergency governor, 598 
testing, 593 
exhaust, piping of, 587 
foundations should be checked, 584 
bolts for, 586 
generator sets, small, 584 
governors, forms of, 598 
regulation, 597 
changing, 598 
tripping mechanism, 598 
and valve gear, inspect the, 594 
handling large, 591 
hydraulic governor, action of, 572 
impulse reaction, 578 
installation, ten steps of, 583 
Kerr, Hydraulic valve gear of, 571 
large, oil systems for, 595 
shutting down, 592 
main bearings, oil pressure for, 596 
mixed pressure, shutting down, 592 
starting, 592 
monvondonsing, and the uniflow engine, 


starting a small, 589 
oil, 594 

cleaning of, 596 

strainer, examine the, 594 

systems, oil cushion in, 595 

test for, 596 
operation, test of, 582 
overload, heavy, 580 
overspeeding, methods of, 599 
partial renewal oil system, 596 
piping, flexible, 586 

steam, 586 
for pulverized fuel feed, 196 
reaction type, Westinghouse, 

flow, 575 

relief valve and vacuum breaker, 587 
rotor, drum type, 579 

misalignment, 581 

period of vibration, 581 

unbalance, 581 - 
self-contained oil system, care of, 593 
shaft angle, 577 

earbon packing for, 573 
single-double-flow, 578 

flow, 578 
small condensing, shutting down a, 591 
starting medium sized, 590 — 
steam, allowance for expansion in, 370 

altering speed of, 572 

circumferential flow, 570 

construction of, 568 | 

exhaust flanges, locating of, 583 

fly-ball governor, 571 

general electric, 568-570 

impulse, 568 ; 

method of expanding steam, 568 


single- 
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Turbines, steam, nature of, 579 
operating, 589 
pipe, support near throttle valve, 587 
reaction, Allis-Chalmers, 575 
rubs or vibrates, 580 
starting of, 14—579 
Terry, 572 
thrust bearing, 577 
superheated steam for, 284 
Terry, principle of, 572 
throttle valve, place strainer at, 587 
a true reaction, 576 
unit, when in proper alignment, 584 
vibration, causes of, 581 
water in, 580 
when water is used for sealing, 589 
Turbo blower for conveying pulverized 
fuel, 197 
generators, installing. 582 
Turnbuckles in boiler suspension rods, 59 
Turner baffle wall, 175 
Turning on steam in large lines, 13 
method of, 14 
Twin oil strainer separator, 313 
water strainer separator, 312 
Two generators, switchboard arrangement 
for, 224 
hundred per cent evaporation, 55 
kinds of air pressure in stoker, 161 
magnets, repulsion of, 697 
phase generator, 786 
pipe basement main system, 985 
speed induction elevator motors, 889 
stage air compression, 970 
stroke-cycle gas engine, 1011 
and three-phase systems, wiring for, 729 
Types of elevator control, 893 
of indicating gages, 419 
of pumps, 352 
of safety valve, marine, 463 
of stokers and their makers, 147 
three, of steam condensers, 329 
Typical American coals, analysis of, 181 
European Diesel engine, 1013 


Ueniing differential draft recorder, 263 


pressure recorder, 421 
Unbalance of turbine rotor, 581 
Unbalanced three-phase systems, 730 
Unburned fuel falling through grate, 237 
Underfeed, gravity stoker, the Taylor, 161 
stoker, Jones, 157 
the Roach, 160 
with Dutch oven, 158 
Westinghouse, 155 
Underground boiler feed pipes, 81 
Unequal boiler expansion and 
traction, 54 
Uneven action of alternators, 791 
Uniflow, European engines, 500 
boiler, 120 
description of, 121 
features of the, 120 
setting, 122 
engines 495 
ester auxiliary exhaust valves, 
5 
oil, selection of, 505 
Skinner, 498 
and the steam turbine non-conden- 
sing, 581 


con- 
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Uniflow engine, York, 502 

principles, 496 
Uniform strength currents, 712 
Unit, British thermal, 678 

and calories, 995 
connections, superheater, 279 
driving, and pump, check alignment of, 
392 


and electrical measurements, 739 
of flow measurement, 946 
heat, absorbed by boiler feed water, 288 
by feed water, 288 
of power transmitted by a belt, 655 
thermal, 32 
United, 90 degree steam jet elbow, 217 
U. S. automatic injector, 402 
injectors, sizes and capacities of, 404 
rule for boiler safe working pressure, 100 
Universal pump, Viking, 390 
Unloader, air compressor, 957-971 
combination, for air compressors, 971 
Unusual pulverized coal burning features 
in Ford Plant, 195 
Use of ammeter, 817 
of condensers, 735 
of gage cocks, 2 
of the indicator, 29-602 
of the steam engine indicator, 615 
steam expansively, 8-485 
Useful elevator data, 931 
Useless boiler losses vs. overload, 56 
Users of belts, hints for, 659 
Using high-pressure steam, 8 
low and high pressure steam, 8 
low-pressure steam, 8 
old furnace linings, 172 
steam full stroke, 484 
the surface blow-off, 63 
the throttling calorimeter, 434 
Utilizing waste heat, 237 


Vacuum in ammonia refrigerating sys- 
tem, 857 : 
ash conveyor, 212 
breaker, the Falls, 634 
condenser, 333 
with turbine piping, 587 
breaking, automatic, 634 
in a condenser, 325 
condenser, regulation of, 340 
and condenser water supply, 339 
cylinders, water-jacketed, 378 
heating system, mercury seal, 986 
how to maintain, 32 
impaired, why engine pounds, 328 
imperfections of a, 325 
pump, dry vacuum, 377 
Rotrex, 389 
steam trap, Sterling, 308 
in a suction pipe, 377 
Value, calorific, of fuel oil, 200 
BE one composition of Bagasse, 


of fuel oils, 185 
and moisture of saw mill refuse, 185 
of SER ” 989 
of pipe covering, 992 
Valve action, Corliss, 487 

steam pump, 353 

accumulator, 922 

adjustment for condensing engines, 326 
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Valve adjustments, temporary, 329 
Valves, air compressor, 959 
care of, 959 
Curtis, 964 
Gardner, duo-plate, 963 
Sullivan, 965 
and exhaust, of Diesel engine, 1025 
altitude, automatic cushioned con- 
trolling, 450 
for ammonia compressor, 871 
De La Vergne, 872 
Subnet stop, for hydraulic elevator, 


blow-off, seatless, 450 
boiler feed check, 81 
check, air compressor, 957 
hammering of, 453 
chronometer, adjustable, 449 
closing, exhaust, and compression, 327 
coal hopper, 221 
Cole, the, 159 
connections, Corliss engine exhaust, 548 
Corliss, setting of, 549 
cushioned swing check, 450 
cut-off, setting of, 531 
cylinder, vertical elevator, packing, 926 
De La Vergne, gas cushioning device, 


discharge, De La Vergne, 874 
electrically operated, 447 
elevator, leather cup packing for, 930 
emergency, in try cocks, 448 
end-rolling finger, Sullivan, 966 
to equalize port opening, 535 
exhaust, automatic auxiliary, 500 
Corliss, to set for a given compres- 
sion, 551 
of Porter-Allen engine, to set, 543 
setting automatic auxiliary, 504 
feather, and Worthington ammonia 
compressor, 876 
fittings—appliances, 446 
steel, drop forged, 452 
foot and charging pipe, 364 
fuel, Diesel engine, care of, 1024 
gears | Corliss, adjustment of, 546 
double eccentric, 553 
compression marks on, 328 
governor of turbine, inspect the, 594 
hydraulic, of Kerr turbine, 571 
oil pressure for, in turbines, 572 
globe, reverse current, 478 
heating, of commercial gases, 202 
lead of a, 45 
equalizing of, 45 
purpose of, 45 
leakage and indicator cards, 34 
lever safety, rules for, 458 
low pressure compressor, Sullivan, 967 
main, is steam-thrown in all pumps, 381 
motion, direct and indirect, 44 
of Corliss is direct, 45 
packing, pilot, lap of, 906 
packingless, throttle, 632 
pilot or differential, 906 
disc throttle, 477 
piston, setting of, 527 
plain slide, function of the, 516 
setting a, 519 
plate, air compressor, 960 
ingersol-rand, 961 
pop safety, 458 


INDEX 


Valve, pop safety, dimensions of, 466 
for superheated steam, 460 
pop, for saturated steam, 459 
poppet, medium speed engine, 490 
protected-seat and non-return, 453 
reducing, single seat, pilot operated, 454 
relief, and vacuum breaker with tur- 
bines, 587 
riding cut-off, setting a, 533 
safety adjustments of blowdown, 462 
air compressor, 955 
capacity rating tag, 461 
chattering of, 463 
don’t open suddenly, 27 
examine seats of, 457 
for each boiler, 27 
grinding, 464 
installing consolidated, 461 
leakage of, 463 
leaky seats, 453 
marine type, 463 
popping pressure, 462 
ea of feather and bushing, 
4 
refacing feather, 467 
“rule of thumb” for, 80 
size of, 80 
seating surfaces, regrinding, 446 
seats, RS lapping, 466 
setting, of Porter-Allen engine, 542 
slide, care of a, 16 
changing cut-off, 43 
cylindrical, 486 
defects of the, 486 
exhaust cavity, 43 
expansion limit of the, 486 
fitting of, 19 ‘ 
hurry setting, 522 
is used on locomotives, 481 
lengthen the, 486 
with link motions, setting of, 523 
object of outside lap, 46 
one objection to, 481 
scraping of, 20 
standard compressor, De La Vergne, 873 
stationary pop, for saturated steam, 458 
steam admission, how to keep tight, 541 
pump, lost motion in, 363 
“yerplexity”’ of, 356 
setting of, 363-364 
setting York engine, 503 
stem, length of, 44 
lever, shape of, 46 
stuffing boxes, 16 
packing under pressure, 463 
stop, low-pressure, for hydraulic ele- 
vator, 920 
the strong quick closing, 634 
three-way, emergency 347 
trouble, air compressor, locating, 959 
turbine throttle, place strainer at, 587 
throttle, support steam pipe near, 587 
water, air compressor, 967 
Vapor lamps, mercury, 815 
Variable self-induction, 731 
speed motors, 761 
Various superheater gains, 283 
substances, boiling points of, 1080 
Vaseline for commutators and collector 
rings, 797 
Velocity of air, measurement of, 993 
air, point of average, 993 


Velocity of alternators, 790 
discharge, in pipes, finding, 370 
gear, computing, 666 
and yee of fluids, relation between, 


of wind, average, 990 
Ventilation data, 1005 
fan, speed of, 992 
and heating, 984 
and indirect heating, 987 
Venturi hot water meter, 941 
Vertical elevators, 903 
packing cylinder valves, 926 
piston from bottom, 924 
from top, 925 
hydraulic elevators, 903 
steam boilers, 79 
Vibration of a header, 13 
reed tachometers, 637 
permanent accuracy of, 637 
rotor, period of, 581 
or rubbing of steam turbines, 580 
of a steam line, 13 
steam turbine, 581 
tachometer, reading speeds with a, 639 
of turbines, causes of, 581 
Viking universal pump, 390 
Violation of common sense boiler rules, 58 
Vilter ammonia compressor cylinder, 872, 
plate, compressor valves, 871 
V-notch water meter, Hoppe’s, 939 
Vogt ebror tee refrigerating machine, 


atmospheric refrigerating machine, 875 
double pipe refrigerating machine, 875 
tubular construction refrigerating 
machines, 875 
Volt, the, 739 
Voltage drop in circuits, 826 
formula for, 826 
in a rotary convertor, 808 
Voltmeters, principle of, 840 
recording, 819 
Volume, of chimney gas, 128 
relative, of steam and water, 32 


Water air compressor valves, 967 


Wages at moneply rate, 1047 
Wagon or cart ash disposal, 208 
Walls, building baffle, 175 
firebrick, cracks in, 167 
furnace, built right stay tight, 167 
monolithis fire, 173 
patching with hytempite, 167 
turner baffle, 175 
Warming up compound engine cylinders, 


a Porter-Allen engine, 542 
Washer, boiler, Hancock, 400 
operation of Hancock, 400 
Washing air, 977 
Waste dirty, cleaning, 687 
(heat) gases, 186 
heat utilizing, 237 
Wasted, live steam, 485 
Wasteful full-stroke engine, 485 
Watch the engine drips, 6 
Water, amount of, required by a con- 
denser, 46 
bad feed, in Stirling boilers, 117 
balancing pressure of a steam pump, 40 
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Water, boiler feed initial temperature and 


boiling points of, 285 
heat units absorbed by, 280 
heating, 
initial temperature and boiling 
points of, 285 
rating steam boilers by, 286 
regulator, operation of copes, 259 
copes, 2538 
Williams, 260 
required per boiler horsepower, 
286, 287 
by engines per horse-power, 
286 


circulation in a steam boiler, 77-684 
column and gage cock location, 105 
safety, 373 
cooling for air compressor, 956 
coils for turbine bearings, 572 
for turbine bearings, 589 
of condensation, returning, 988 
condenser discharge, testing, 343 
injection, regulation of, 343 
cylinder, pump, to find diameter of, 376 
discharge through a ring orifice, 371 
discharged in gallons per minute, 371 
through circular orifice, 371 
distilled, for boilers, 65 
make-up, 65 
ends, duplex pump, 382 
evaporation of coal, 239 
per pound of coal, 30-73 
feed, deaereating of, 65 
impurities in, 290 
removal of air from, 276 
required per hour, 286 
by small engines, 285-287 
should be analyzed, 28 
temperature of, 287 
when it is low, 29 
filter, grease extracting, 311, 314 
flow regulator, 234 
through an orifice, 1053 
for use in boilers, 64 
fresh, weight per cubic foot, 30 
friction in pipes, allowance for, 360 
gallses oow of through a straight pipe, 


gaseous impurities in, 64 
gas tar, 186 
hammer, 988 
hard, steam boilers for, 77 
hardness of, 927 
head in pipe due to friction, 373 
heaters, boiler feed, 289 
double-service, feed, 297 
feed, closed, 289 
heating in tanks, 999 
horsepower required to elevate, 361 
hot, in indirect coils, 996 
for hydraulic elevators, 927 
anjestion,, etisieney of in a condenser, 


jacket, the, 1010 
of gas engines, cleaning of, 1029 
jacketed vacuum cylinders, 378 
known quantity, tranear to of high 
pomperauare body and its heat, 
7 


latent heat of, 36 
level in gage glass, 4 
steadiness of, 110 


INDEX 


Water, lift, height limit of injector, 47 
line glass, 82 
glass, water out of sight in, 27 
glasses and sediment, 61 
low, in boilers, 62 
mechanical impurities in, 64 
meters, 938 
boiler feed, 261 
hot, venturi, 941 
v-notch, Hoppe’s, 939 
Worthington, 938 
mineral impurities dissolved, in, 64 
organic matter in, 64 
impurities in, 64 
out of sight in water line glass, 27 
in pipes, loss by friction in, 1052 
piston, pump, to find diameter of, 367 
pressure of due to height, 1057 
pumped, current consumption for, 391 
pumping with air lift system, 973 
pure, corrosion of boiler plates by, 70 
required by barometric condenser, 338 
to condense steam, 325 
screen in boiler circulation, 191 
seals at radiators, 988 
or steam seal packing rings, 577 
spray economizer, cleaning, 277 
steadiness of level, 110 
and ercom driven alternators in parallel, 


elasticity of, 50 
pressure for lifting with Hancock 
inspirator, 399 
pump cylinders, ratio of, 366 
size of, 360 
relative volume of, 32 
supply to condenser and vacuum, 339 
system, distilled, for ice-making, 867 
tube boiler, 106 
Biglow Hornsby, 117 
heating surface of, to compute, 119 
O’Brien, 107 
Stirling, 112 
in turbines, 580 
twin strainer separator, 312 
weight of, 1056 
when used for sealing turbines, 589 
Watch the eccentric straps, 20 
the piston packing, 16 
water, steam and fire, 3 
Waterworks pressure gage, 419 
Watt, the, 739 
Wattless current, 734 
Wattmeter, recording, 819 
Wave armature winding, 754 
Weak field magnetism, 777 
Weakness of the steam dome, 83 
Wear end tear, of steam boilers, causes of, 


of turbine bearings, 580 
Webster heater, operating a, 295 
Wedges for leveling turbine bed-plate, 505 
plank, elevator safety, 9 
Weight of air fed to boiler furnace, 243 
of atmosphere at sea level, 30 
per cubic foot of fresh water, 30 
of wrought iron, 30 
dead, pressure gage tester, 419 
of engines per rated horsepower, 508 
of flywheels, rules for, 508 
of rivets and round headed bolts, 1043 
of sheet iron per square foot, 1044 
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~ Weight per square foot of boiler plate, 30 
of square and round iron, 1042 
and strength of iron bolts, 1044 
of water, 1056 
Weir board, 940 
meter, Yarway-Lee, 261 
Welded wrought iron pipe, 1065 
Westinghouse chain grate stoker, 155 
Westinghouse-Leblance air pump, 387 
single-flow reaction type turbine, 575 
stokers, 154 
turbine blades, 578 
underfeed stoker, 155 
Set bulh aad dew-point temperatures, 


What is an automatic engine?, 489 
engine cylinder clearance?, 33 
horsepower?, .33 
internal combustion engine?, 1008 
momentum?, 47 
pump?, 349 
steam?, 32 

boiler, 52 
triple expansion engine?, 33 

Wheel casing, aligning of turbine, 584 
planimeter, meter, 941 
Terry steam turbine, principle of, 572 
worm and screw, 664 

Wheelbarrow ash disposal, 207 

When Diesel engines fail, 1026 

loses speed, 1028 
run irregularly, 1028 
eccentric straps heat, 20 
elevator car fails to stop, 901 
settles, 929 
stops suddenly, 901 
engines run ‘‘under”’ or ‘‘over,’”’ 45 
feed water is low, 29 
porpeon arcs are ‘‘stuffed”’ or ‘‘starved,”’ 
4. 


governor belt breaks, 43 
long pump pipe lines are required, 392 
low vacuum is better than high, 340 
magnetic flux is zero, 724 
piston rings groan, 16 
turbine unit is in proper alignment, 584 
use surface condensers, 332 | 
water is used for sealing turbines, 589 
Where steam comes from, its force, 50 
Why commutator brushes spark, 771 _ 
engine pounds when vacuum is im- 
paired, 328 
how, 678 
Width of a belt, to find, 652 
Williams feed water regulator, 260 
Wind, air-pressure of, 990 
pressure and chimneys, 129 
velocity, average, 990 
Winding, armature, lap, 754 
principles of, 749 
wave, 754 
drum armature, 743 
multipolar, armature, 754 
ring armature, 742 
shunt and compound for motors, 747 


Windler coal, 178 
Window sash clearance, 990 
Wires, allowable current capacity of, 828 
blade, ‘‘comma,’’ 578 
cable for inclined planes, 1101 . 
transmission of power by, 1097 
acapacity of for carrying current, 1093 
direction of current through a, 700 
for distribution circuits, size of, 825 
fusing currents of, 830 
fusion currents, 1094 
gages in common use, 1041 
moved current generated, 703 
table, 828 | 
Wiring for alternating current motors, 833 
for direct current motors, 831 
for two- and three-phase systems, 729 
Without heat-loss, an engine 685, 
Wood and wood refuse, composition and 
heating value of, 180 
Work and engine economy, increased, 22 
equal of Diesel engine cylinders, 
testing for, 1028 
foot pound of, 678 
ice-plant, 857 
in a pound of coal, 239 
and power, 681 
of refrigeration, 851 
Working piston of Diesel engine, 1025 
pressure or load, safe, 680 
boiler, calculating safe, 100 
safe, A. S. M. E. rule for boilers, 100 
safe, U.S. rule for boilers, 100 
Workmanship, material and fittings, bad, 
for boiler, 56 
Worm wheel and screw, 664 
Worthington ammonia compressor and 
feather valve, 876 
compound pump, 379 
water meter, 938 
Wrought Pipe, to find linear expansion of, 
5 


iron pipe, capacity of, 1064 
expansion of, 1065 
weight per cubic foot of, 30 
welded pipe, 1065 


IY arwaysles Weir meter, 261 
Yellow or eetaeh color in ice, presence of, 


York engine, setting steam valves, 503 
uniflow engine, 502 ; 
You should not do these things, 10 


Zero, when magnetic flux is, 724 
Zinc chloride, 683 
in externally fired boilers, 68 
put in metallic contact with boiler, 68 
steam boilers, 67 < 
Zoelly, Patent or single stage expansion, 
5 


Zone, levelling of elevator, 890 
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